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(57)Abstract: 

PROBLEM TO BE SOLVED: To eliminate influence of 
the temperature change of a plastic lens while correcting 
various aberration such as distortion aberration or the 
like by a constitution that comprises a negative first lens 
group as a whole and a positive second lens group and 
satisfies specified respective conditional expressions. 
SOLUTION: The first lens group composed by arraying 
negative first-third lenses L1-L3 and a positive forth 
lens L4 composed of plastic in the order and the second 
lens group composed by arraying positive fifth-eighth 
lenses L5-L8 in the order are arrayed from an 
enlargement side in the order and the constitution is 
performed so as to satisfy the respective conditional 
expressions (1) -2.5<F1/F5<-0.3, (2) -2.8<FG1/FG2<- 
1.0 and (3) 0.2<H/FG2<0.75, etc. In the expressions, the 
focus distance of the first lens is F1, the focus distance 
of the fifth lens is F5, the focus distance of the first lens 
group is FG1, the focus distance of the second lens 
group is FG2 and the principal point distance of the 
second lens group enlargement side is H. 
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* NOTICES * 
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CLAIMS 



[Claim(s)] 

[Claim l] The 1st negative lens which turns a concave surface to a cutback side, and has the aspheric 
surface sequentially from an amplification side, and consists of plastics, The negative 1st lens group as a 
whole which comes to arrange the 2nd negative lens which turned a concave surface to a cutback side, the 
3rd negative lens, and the 4th positive lens, The 5th positive lens which turns a convex to a cutback side, 
and has the aspheric surface sequentially from an amplification side, and consists of plastics, Come to 
arrange the 6th negative lens, the 7th positive lens which turned a convex to a cutback side, and the 8th 
positive lens which turned a convex to a cutback side. A retro focus mold lens with which the positive 2nd 
lens group is characterized by being constituted and becoming so that it may come to be arranged 
sequentially from [ this ] an amplification side and following monograph affair type (l) - (7) may be 
satisfied as a whole. 

(1) -2.5<Fl/F5<-0.3(2) -2.8<FGl/FG2<- 1.0(3) 0.2<H/FG2<0.75(4) 0.0<A(l) 

(5) 0.0<A(2) 

(6) nu4<32 (7) 58 - < nu 7 - here Fl : A focal distance F5 of the 1st lens : A focal distance FGl of the 5th 
lens : A focal distance FG2 of the 1st lens group : A focal . distance H of the 2nd lens group : An 
aspheric- surface coefficient A of the 4th term of a field by the side of the principal-point distance A(l):lens 
[ 1st ] amplification by the side of the lens [ 2nd ] group extension (2): An aspheric surface coefficient nu 4 
of the 4th term of a field by the side of the 1st lens cutback : The 4th lens Abbe number nu 7 : The 7th lens 
Abbe number [Claim 2] The 1st negative lens which turns a concave surface to a cutback side, and has the 
aspheric surface sequentially from an amplification side, and consists of plastics, The negative 1st lens 
group as a whole which comes to arrange the 2nd negative lens which turned a concave surface to a 
cutback side, the 3rd positive lens, and the 4th negative lens, The 5th positive lens which turns a convex 
to a cutback side, and has the aspheric surface sequentially from an amplification side, and consists of 
plastics, Come to arrange the 6th negative lens, the 7th positive lens which turned a convex to a cutback 
side, and the 8th positive lens which turned a convex to a cutback side. A retro focus mold lens with which 
the positive 2nd lens group is characterized by being constituted and becoming so that it may come to be 
arranged sequentially from [ this ] an amplification side and following monograph affair type (8) - (14) 
may be satisfied as a whole. 

(8) -2.5<Fl/F5<-0.3(9) -2.8<FGl/FG2<- 1.0(10) 0.2<H/FG2<0.75(ll) 0.0<A(l) 
(12) 0.0<A(2) 



(13) 28 - < - nu4<55 (14) 58 - < nu 7 - here Fl : A focal distance F5 of the 1st lens : A focal distance FGl 
of the 5th lens : A focal distance FG2 of the 1st lens group : A focal distance H of the 2nd lens group : An 
aspheric- surface coefficient A of the 4th term of a field by the side of the principal point distance A(l):lens 
[ 1st ] amplification by the side of the lens [ 2nd ] group extension (2): An aspheric surface coefficient nu 4 
of the 4th term of a field by the side of the 1st lens cutback : The 4th lens Abbe number nu 7 : The 7th lens 
Abbe number 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to a retro focus mold lens suitable 
as a projection lens of projection mold television using a liquid crystal display panel especially about the 
retro focus mold lens generally used for the image formation lens of the camera which used an image 
sensor or silver halide films, such as CCD and the camera tube, etc., and the projection lens of projection 
mold television. 
[0002] 

[Description of the Prior Art] When you need the back focus longer than before at a wide angle, the retro 
focus mold lens which consists of a pregroup which has negative refractive power, and a back group 
which has positive refractive power is used, but with such a retro focus mold lens, since distortion 
aberration will become large if it is going to make it a wide angle more, it is made to perform aberration 
amendment by using the aspheric surface for the lens by the side of amplification. By the way, since the 
aspheric lens which consists of glass is expensive as the above-mentioned aspheric lens, cheapization of a 
manufacturing cost is attained using the aspheric lens which consists of plastics. 
[0003] 

[Problem(s) to be Solved by the Invention] However, a plastic lens has the problem that the change of a 
focal location and the deterioration of the image formation engine performance accompanying a 
temperature change are large, and since the plastic lens has big constraint in respect of the refractive 
index of the material which can be used compared with a glass lens, or distribution, it has the problem 
that the amendment of the chromatic aberration of magnification which becomes difficult becomes still 
more difficult, in a wide angle lens. It aims at offering the retro focus mold lens which can eliminate the 
effect by the temperature change of a plastic lens, this invention amending many aberration, such as 
distortion aberration, in the retro focus mold lens using the aspheric lens which was made in view of such 
a situation and consists of plastics. 

[0004] Moreover, it aims at offering the retro focus mold lens which can solve the problem of lowering of 
the circumference quantity of light in the projection lens used for projection mold television especially 
using a liquid crystal panel. 
[0005] 

[Means for Solving the Problem] The 1st retro focus mold lens of this invention The 1st negative lens 
which turns a concave surface to a cutback side, and has the aspheric surface sequentially from an 



amplification side, and consists of plastics, The negative 1st lens group as a whole which comes to arrange 
the 2nd negative lens which turned a concave surface to a cutback side, the 3rd negative lens, and the 4th 
positive lens, The 5th positive lens which turns a convex to a cutback side, and has the aspheric surface 
sequentially from an amplification side, and consists of plastics, Come to arrange the 6th negative lens, 
the 7th positive lens which turned a convex to a cutback side, and the 8th positive lens which turned a 
convex to a cutback side. The positive 2nd lens group is characterized by being constituted and becoming 
so that it may come to be arranged sequentially from [ this ] an amplification side and following 
monograph affair type (l) - (7) may be satisfied as a whole. 

[0006] (1) -2.5<Fl/F5<-0.3(2) -2.8<FG1/FG2<- 1.0(3) 0.2<H/FG2<0.75(4) 0.0<A(l) 

(5) 0.0<A(2) 

(6) nu4<32 (7) 58 - < nu 7 - here Fl : The focal distance F5 of the 1st lens : Focal distance FGl of the 5th 
lens : Focal distance FG2 of the 1st lens group : The focal distance H of the 2nd lens group : An 
aspheric surface coefficient A of the 4th term of a field by the side of the principal-point distance A(l):lens 
[ 1st ] amplification by the side of the lens [ 2nd ] group extension (2): Aspheric surface coefficient nu 4 of 
the 4th term of a field by the side of the 1st lens cutback : The 4th lens Abbe number nu 7 : The 7th lens 
Abbe number [0007] the [ moreover, / of this invention ] - 2 retro focus mold lens The 1st negative lens 
which turns a concave surface to a cutback side, and has the aspheric surface sequentially from an 
amplification side, and consists of plastics, The negative 1st lens group as a whole which comes to arrange 
the 2nd negative lens which turned a concave surface to a cutback side, the 3rd positive lens, and the 4th 
negative lens, The 5th positive lens which turns a convex to a cutback side, and has the aspheric surface 
sequentially from an amplification side, and consists of plastics, Come to arrange the 6th negative lens, 
the 7th positive lens which turned a convex to a cutback side, and the 8th positive lens which turned a 
convex to a cutback side. The positive 2nd lens group is characterized by being constituted and becoming 
so that it may come to be arranged sequentially from [ this ] an amplification side and following 
monograph affair type (8) - (14) may be satisfied as a whole. 

[0008] (8) -2.5<Fl/F5<-0.3(9) -2.8<FGl/FG2<- 1.0(10) 0.2<H/FG2<0.75(ll) 0.0<A(l) 

(12) 0.0<A(2) 

(13) 28 - < - nu4<55 (14) 58 - < nu 7 - here Fl : The focal distance F5 of the 1st lens : Focal distance FGl 
of the 5th lens : Focal distance FG2 of the 1st lens group : The focal distance H of the 2nd lens group : An 
aspheric surface coefficient A of the 4th term of a field by the side of the principal point distance A(l):lens 
[ 1st ] amplification by the side of the lens [ 2nd ] group extension (2): Aspheric surface coefficient nu 4 of 
the 4th term of a field by the side of the 1st lens cutback : The 4th lens Abbe number nu 7 : The 7th lens 
Abbe number [0009] 

[Embodiment of the Invention] Hereafter, the example of this invention is explained using a drawing. In 
addition, although seven examples are explained concretely below, it omits about the explanation which 
attaches the same sign and overlaps about the same element in explanation of the drawing respectively 
corresponding to each example. 

[0010] <Example 1> the retro focus mold lens of this example 1 The 1st lens group which arranges the 1st 
lens LI, the 2nd negative lens L2, the 3rd negative negative lens L3, and the 4th negative positive lens L4 
in this order, and consists of an amplification side as shown in drawing 1 , It is constituted and the 2nd 
lens group which comes to arrange the 5th lens L5, negative 6th lens L6, the 7th positive positive lens L7, 
and the 8th positive positive lens L8 in this order consists of an amplification side so that it may be 



arranged sequentially from [ this ] an amplification side, and it may become and the following monograph 
affair type may be satisfied. 

[0011] (1) -2.5<Fl/F5<-0.3(2) -2.8<FGl/FG2<- 1.0(3) 0.2<H/FG2<0.75(4) 0.0<A(l) 

(5) 0.0<A(2) 

(6) nu4<32 (7) 58 - < nu 7 - here Fl : The focal distance F5 of the 1st lens : Focal distance FGl of the 5th 
lens : Focal distance FG2 of the 1st lens group : The focal distance H of the 2nd lens group : The 
aspheric- surface coefficient A of the 4th term of the field by the side of the principal-point distance 
A(l):lens [ 1st ] amplification by the side of the lens [ 2nd ] group extension (2): Aspheric surface 
coefficient nu 4 of the 4th term of the field by the side of the 1st lens cutback : The 4th lens Abbe number 
nu 7 : The 7th lens Abbe number [0012] In addition, the 3rd lens L3, the 4th lens L4, and 6th lens L6 and 
the 7th lens L7 are joined. In addition, image formation of the flux of light which carried out incidence in 
accordance with the optical axis X from the amplificatioi* side is carried out to the image formation 
location P on the CCD image formation side 1. Moreover, color- separation prism, and the filter and low 
pass filter 2 which cut infrared light are arranged on the cutback side (image formation side side) of a lens 
system. The negative meniscus lens which the 1st lens LI turns a concave surface to a cutback side, and 
has the aspheric surface here, and consists of plastics, The negative meniscus lens by which the 2nd lens 
L2 and the 3rd lens L3 turned the concave surface to the cutback side, The biconvex lens and the 5th lens 
L5 to which the field of curvature with the 4th lens L4 strong against an amplification side was turned 
turn a convex to a cutback side. The positive meniscus lens which has the aspheric surface and consists of 
plastics, the biconcave lens to which the field of curvature with 6th lens L6 strong against a cutback side 
was turned, the 7th lens L7, and the 8th lens L8 are biconvex lenses to which the field of curvature strong 
against a cutback side was turned. 

[0013] Next, above-mentioned conditional-expression (l) - (7) is explained. Since it becomes impossible to 
balance the power of two plastic lenses, the 1st lens Ll and the 5th lens L5, whichever it exceeds [ of the 
maximum of conditional expression (l), and a minimum ], the focal location change and image formation 
performance degradation accompanying a temperature change will become large. Moreover, aberration 
amendment becomes difficult, in order that the power of the 1st lens group may become strong and the 
beam-of- light high in the 2nd lens group may go up too much, if the maximum of conditional expression 
(2) is exceeded. On the other hand, if a minimum is exceeded, the power of the 1st lens group becomes 
weaker, the distance between [ a cutback side lens side to ] cutback side focal locations will become short, 
or the path of the amplification side lens of the 1st lens group will become large. 

[0014] moreover - while conditional expression (3) amends many aberration - the cutback side of a 
system - a tele cent - aberration amendment becomes difficult, whichever it maintains at a rucksack 
configuration and exceeds [ of a maximum and a minimum ]. Moreover, if conditional expression (4) and 
the minimum of (5) are exceeded, it will become difficult to amend distortion aberration. Moreover, if the 
maximum of conditional expression (6) is exceeded, it will become difficult to amend the chromatic 
aberration of magnification and axial overtone aberration with sufficient balance. Furthermore, if the 
minimum of conditional expression (7) is exceeded, the chromatic aberration of magnification will serve 
as lack of amendment. Next, the refractive index N and Abbe number nu in radius-of-curvature [ of each 
lens side in this example 1 ] R (mm), the main thickness of each lens and the air gap D between each lens 
(mm), and d line of each lens are shown in the following table 1. 

[0015] However, in these table 1 and tables 2-7 mentioned later, the numeric character to which each 



marks R, D, N, and nu were made to correspond carries out a sequential increment from an amplification 
side. Moreover, Rl, R2, R8, and R9 are the aspheric surfaces expressed by the following type (A), and they 
have become the value shown in a table 1 about the radius of curvature on the optical axis. (The same is 
said of the tables 2-7 shown below) . 
Z=CY2/{1+(1 KC2Y2) 1/2} 
+AY4+BY6+CY8+DY10 (A) 

However, Z: The length of the perpendicular taken down to the tangential plane (flat surface vertical to 
an optical axis) of aspheric surface top most vertices from the point on the aspheric surface of height Y 
from an optical axis (mm) 

C: Paraxial curvature of the aspheric surface (inverse number of the radius of curvature on an optical axis 
(Ri)) 

Y Height from an optical axis (mm) 

K: Eccentricity A, B, and C and D: - they are the 4th, 6, and the 8 or 10th aspheric surface coefficient - 
the 1st, 2, a page [ 8 or 9th ] aspheric surface coefficient A, B, C and D, and Eccentricity K are shown in 
the lower berth of a table 1. 
[0016] 
[A table l] 

R D N *» 



1 


3. 6403 


0. 1770 


1.4910 


57. 8 


2 


1.7102 


0. 5278 






3 


2. 8106 


0. 1415 


1. 7015 


41.2 


4 


0. 8980 


0. 5897 






5 


13* 3487 


0. 1522 


1. 7015 


41. 2 


6 


1. 0944 


0. 5629 


1* 8467 


23. 9 


7 


-14. 696S 


1. 0620 






8 


-2. 3025 


0. 1617 


I. 4910 


57.6 


fl 


-1. 6797 


0. 0505 






10 


-5. 3445 


0. 1112 


1. 8467 


23. 9 


11 


2. 2489 


0. 8962 


I. 4875 


70.2 


12 


-1. 4544 


0. 0101 






13 


7. 1353 


0. 6488 


1.6204 


60.3 


14 


-1. 9649 


0. 3000 






15 


DO 


2. 0724 


1. 5163 


64. 1 


16 


oo 










K A 




B 


C 



1 l.OOOO 0. 7896X 10" 1 -0.9712X10'* 0. 3386x 10" 0-2617x10"* 

2 l.OOOO 0. 4584x 10" 0.1162x10" 0. 4983x 10" -0. 4959 x 10" 

8 1. 0000 -0.6154x10" 0. 1518x 10~ a -0. 1587x 10" -0.1165x10" 

9 1. 0000 0. 8329X 10" 1 0. 1555 x 10" -0. 9957x 10" -0.1199x10-* 



[0017] Moreover, the f numbers of a lens and the half-field angles omega in this example 1 are 2.53 and 



41.5 degrees respectively. 

[0018] The retro focus mold lens of the <example 2> example 2 is explained using drawing 2 . Although 
the lens of this example 2 is considered as the almost same lens configuration as the lens of the 
above-mentioned example 1, it differs from the thing of the above-mentioned example 1 mainly at the 
point from which are mutually separated of the 3rd lens L3 and the 4th lens L4. In addition, 
conditional-expression (l) - (7) mentioned above is satisfied altogether, and each value is set up as shown 
in a table 8. The refractive index N and Abbe number nu in radius- of curvature [ of each lens side in this 
example 2 ] R (mm), the main thickness of each lens and the air gap D between each lens (mm), and d line 
of each lens are shown in the following table 2. In addition, the 1st, 2, a page [ 8 or 9th ] aspheric surface 
coefficient A, B, C and D, and Eccentricity K are shown in the lower berth of a table 2. 
[0019] 
[A table 2] 





R 


D 


N 


V 


1 


3. 7560 


0. 1770 


1. 4910 


57.6 


2 


I. 8225 


0. 5359 






0 


51 Oil 0 1 


fi 1 A 1 A 


1 7/11 R 
1. t v La 


A 1 9 


4 


0. 9876 


0. 7469 






5 


6. 2706 


0. 1517 


1. 6385 


55.4 


6 


1. 4232 


0. 1012 






7 


1- 6504 


0. 4801 


1. 8052 


25.4 


8 


-11. 1014 


0. 9478 






9 


-3. 5320 


0. 2752 


1.4910 


57.6 


10 


-1- 6833 


0. 0506 






11 


-3. 2261 


0. 1112 


1. 8467 


23.9 


12 


2. 1954 


0.6073 


1. 4875 


70. 2 


13 


-1, 5387 


0.0101 






14 


6. 4769 


0.5763 


1. 6204 


60.3 


15 


-1- 8901 


0. 3000 






18 


oo 


2. 0724 


1.5163 


64. 1 


17 


oo 









K A B C D 

1 1. 0000 0.7797X 10" 1 -0. 7981 x 10'* 0.2551 x 10"* 0.1519x10"* 

2 1. 0000 0.5411 xl0r l 0. 1086 X 10" 1 -0. 5168x 10"* -0. 5072x 10"* 
9 1. 0000 -0.59B3X10" 1 0. 5308 x 10-* -0.2428x 10"* -0.12L8xl0" 1 

10 1. 0000 0.8124X 10" 1 0. 2803x 10"* -0.9153x10"* -0. 1242x 10** 

[0020] Moreover, the f numbers of a lens and the half-field angles omega in this example 2 are 2.53 and 
41.5 degrees respectively. 

[0021] The retro focus mold lens of the <example 3> example 3 is explained using drawing 3 . Although 
the lens of this example 3 is considered as the almost same lens configuration as the lens of the 
above-mentioned example 1, it is separated from it of 6th lens L6 and the 7th lens L7, and it mainly 



differs from the thing of the above-mentioned example 1 at the point used as the biconcave lens to which 
6th lens L6 turned the field of curvature strong against an amplification side. [ each other ] In addition, 
conditional-expression (1) - (7) mentioned above is satisfied altogether, and each value is set up as shown 
in a table 8. 

[0022] The refractive index N and Abbe number nu in radius-of-curvature [ of each lens side in this 
example 3 ] R (mm), the main thickness of each lens and the air gap D between each lens (mm), and d line 
of each lens are shown in the following table 3. In addition, the 1st, 2, a page [ 8 or 9th ] aspheric surface 
coefficient A, B, C and D, and Eccentricity K are shown in the lower berth of a table 3. 
[0023] 
[A table 3] 





R 


D 


N 




I 


3. 7353 


0. 1774 


1.4910 


57. 6 


2 


1- 7522 


0. 5348 






3 


8- 0247 


0. 1419 


1. 6667 


48.3 


4 


0. 8910 


0. 4173 






5 


31. 0582 


0. 1527 


1- 7205 


34. 7 


6 


1- 1637 


0. 5820 


1- 8487 


23.9 


7 


_ 1 A Afifi 1 


1 9 H7rt 




i 


8 


-15. 7604 


0. 3041 


1.4910 


57. 6 


9 


1. 4482 


0. 0507 






10 


-2. 6652 


0. 1115 


1. 8467 


23.9 


11 


5. 0103 


0. 0258 






12 


5. 9343 


0. 6814 


1. 4875 


70.2 


id 


-1.4906 


0. 0101 






14 


10. 2638 


0. 5888 


1- 6204 


60.3 


15 


-2. 2813 


0. 3000 






16 


on 


2. 0724 


1.5163 


64. 1 


17 












K A 




B 


C 



1 1. 0000 0. 7884xiOV -0. 9246 x 10' 3 0. 8100x 10"" 0. 1899x 10"' 

2 1. 0000 0. 4756XIQ- 1 0.1H8X10" 1 0.5025x 10"* -0-4930x 10"* 

8 1. 0000 -0- 5947XIO" 1 0.6514x10"* -0. 3071 x 10"' -0.1180x10"* 

9 1- 0000 0. 8219XIO" 1 0.25B6xlO~* -0. 7778x 10-' -0.1166x10"* 

[0024] Moreover, the f numbers of a lens and the half-field angles omega in this example 3 are 2.53 and 
41.6 degrees respectively. 

[0025] The retro focus mold lens of the <example 4> example 4 is explained using drawing 4 . Although 
the lens of this example 4 is considered as the almost same lens configuration as the lens of the 
above-mentioned example 3 It differs from the thing of the above-mentioned example 3 at the point which 
is used as the biconcave lens to which the field of curvature with the 3rd lens L3 strong against a cutback 
side was mainly turned, is used as the biconvex lens to which the field of curvature with the 5th lens L5 



strong against a cutback side was turned, and is used as the biconcave lens to which 6th lens L6 turned 
the field of curvature strong against a cutback side. In addition, conditional-expression (l) - (7) mentioned 
above is satisfied altogether, and each value is set up as shown in a table 8. 

[0026] The refractive index N and Abbe number nu in radiusofcurvature [ of each lens side in this 
example 4 ] R (mm), the main thickness of each lens and the air gap D between each lens (mm), and d line 
of each lens are shown in the following table 4. In addition, the 1st, 2, a page [ 8 or 9th ] aspheric surface 
coefficient A, B, C and D, and Eccentricity K are shown in the lower berth of a table 4. 
[0027] 
[A table 4] 





R 


D 


N 


V 


1 


3. 3126 


0.1782 


1.4910 


57.6 


2 


1. 6169 


0. 5663 






3 


2. 9762 


0. 1425 


1.6667 


48.3 


4 


0. 8986 


0. 4376 






5 


-23. 0277 


0. 1532 


L 7205 


34.7 


6 


1. 5596 


0. 5539 


L. 8467 


23.9 


7 


-7. 2509 


1. 5328 






8 


23. 3717 


0. 3054 


L4910 


57.6 


9 


-1. 8527 


0.0509 






10 


-5. 7049 


0. 1120 


1. 8467 


23. 9 


n 


3. 1907 


0. 0171 






12 


3. 4089 


0. 6701 


1. 4875 


70. 2 


13 


-1. 9786 


0. 0102 






14 


5. 6526 


0. 5333 


1. 6204 


60.3 


15 


-3. 0301 


0. 3000 






16 


OQ 


2. 0724 


1. 5163 


84. 1 


17 


oo 










K A 


B 


C 





1 1. 0000 O. 7863X 10- 1 -0.1059* 10~' 0. 3352* 10"* 0. 5455X 1O" 5 

2 1. 0000 Q.4625X 10" 1 0.11I6X10- 1 -0. 5199x 10-* -0. 5030x 10"* 
8 1. 0000 -0. 2043X 10" 1 0. 3476x 10"' 0. 51 65 x 1 0" * -0. 7465 x 10"" 
fl 1. 0000 0- 3654XIO* 1 -0. 2504X 10" 8 -0. 6037xl0~ 3 -0. 2028x 10"' 

[0028] Moreover, the f numbers of a lens and the half-field angles omega in this example 4 are 2.53 and 
41.7 degrees respectively. 

[0029] The retro focus mold lens of the <example 5> example 5 is explained using drawing 5 . Although 
the lens of this example 5 is considered as the almost same eight- sheet lens configuration as the lens of 
the above-mentioned example 1, it differs from the thing of the above-mentioned example 1 mainly at the 
point used as the biconvex lens to which the field of curvature with the 3rd lens L3 strong against a 
cutback side was turned, and the biconcave lens to which the field of curvature with the 4th lens L4 
strong against an amplification side was turned. Moreover, the lens of this example is constituted so that 



following conditional-expression (8) - (14) may be satisfied. 

[0030] (8) -2.5<Fl/F5<-0.3(9) -2.8<FGl/FG2<- 1.0(10) 0.2<H/FG2<0. 75(11) 0.0<A(l) 

(12) 0.0<A(2) 

(13) 28 - < • nu4<32 (14) 58 ~ < nu 7 - here Fl : The focal distance F5 of the 1st lens : Focal distance FGl 
of the 5th lens : Focal distance FG2 of the 1st lens group : The focal distance H of the 2nd lens group : The 
aspheric- surface coefficient A of the 4th term of the field by the side of the principal-point distance 
A(l):lens [ 1st ] amplification by the side of the lens [ 2nd ] group extension (2): Aspheric surface 
coefficient nu 4 of the 4th term of the field by the side of the 1st lens cutback : The 4th lens Abbe number 
nu 7 : The 7th lens Abbe number [0031] These monograph affair type (8) - (14) is specified for the reason 
like a less or equal. That is, since it becomes impossible to balance the power of the 1st lens Ll and two 
plastic lenses of the 5th lens L5 whichever it exceeds [ of the maximum of conditional expression (8), and 
a minimum ], the focal location change and image formation performance degradation accompanying a 
temperature change will become large. Moreover, aberration amendment becomes difficult, in order that 
the power of the 1st lens group may become strong and the beamoflight high in the 2nd lens group may 
go up too much, if the maximum of conditional expression (9) is exceeded. On the other hand, if a 
minimum is exceeded, the power of the 1st lens group becomes weaker, the distance between [ a cutback 
side lens side to ] focal locations will become short, or the path of the amplification side lens of the 1st lens 
group will become large. 

[0032] moreover - while conditional expression (10) amends many aberration - the cutback side of a 
system - a tele cent - aberration amendment becomes difficult, whichever it maintains at a rucksack 
configuration and exceeds [ of a maximum and a minimum ]. Moreover, if conditional expression (ll) and 
the minimum of (12) are exceeded, it will become difficult to amend distortion aberration, moreover, the 
maximum of conditional expression (13) and a minimum whichever it exceeds, it becomes difficult to 
amend the chromatic aberration of magnification and axial overtone aberration with sufficient balance. 
Furthermore, if the minimum of conditional expression (14) is exceeded, the chromatic aberration of 
magnification will serve as lack of amendment. In addition, in this example, conditional-expression (8) - 

(14) mentioned above is satisfied altogether, and each value is set up, as shown in a table 8. 

[0033] The refractive index N and Abbe number nu in radius-of-curvature [ of each lens side in this 
example 5 ] R (mm), the main thickness of each lens and the air gap D between each lens (mm), and d line 
of each lens are shown in the following table 5. In addition, the 1st, 2, a page [ 8 or 9th ] aspheric surface 
coefficient A, B, C and D, and Eccentricity K are shown in the lower berth of a table 5. 
[0034] 
[A table 5] 





R 


D 


N 




1 


3. 6333 


0. 1776 


I. 4910 


57.6 


2 


I. 7461 


0. 5408 






3 


3- 0271 


0. 1421 


1.6564 


50.9 


4 


0. 8925 


o. Bin 






5 


4. 6854 


0. 5037 


1. 8467 


23. 9 


6 


-1- 4188 


0. 1527 


1- 7234 


38.0 


7 


13. 5067 


0. 9458 


f 

1.4910 




8 


-5. 2799 


0. 2172 


57.6 


9 


-1. 4198 


0. 0511 






10 


-2. 8135 


0. 1119 


1. 8467 


23. 9 


11 


2. 5544 


0. 7217 


1- 4875 


70-2 


12 


-1- 5086 


0. 0102 






13 


8. 0709 


0. 6548 


1. 6204 


60.3 


14 


-9 047^ 


n QAM 






15 


OQ 


2. 0724 


1. 5163 


64. 1 


16 


DO 









K A B C D 

1 1. 0000 0.7874X 10' 1 -0. 8802X 10" 8 0.2835 x 10'° 0.1097x 10"* 

2 1. 0000 0. 5069xl0" 1 0.1106x10-' -0. 5143x 10" 1 -0. 49B6 x 10"* 

8 1. 0000 -0. 6231 X 10" 1 0.1033X 10- 3 -O.lSlSxlO -3 -0.1173x10^ 

9 1. 0000 0.8155X 10" 1 0. 2384X 10" 3 -0. 9927xl(T D -0.1218x10-* 

[0035] Moreover, the f numbers of a lens and the half-field angles omega in this example 5 are 2.53 and 
41.6 degrees respectively. 

[0036] The retro focus mold lens of the <example 6> example 6 is explained using drawing 6 . Although 
the lens of this example 6 is considered as the almost same lens configuration as the lens of the 
above-mentioned example 5, it differs from the thing of the above-mentioned example 5 mainly at the 
point from which are mutually separated of the 3rd lens L3 and the 4th lens L4. In addition, 
conditional-expression (8) - (14) mentioned above is satisfied altogether, and each value is set up as shown 
in a table 8. 

[0037] The refractive index N and Abbe number nu in radius of curvature [ of each lens side in this 
example 6 ] R (mm), the main thickness of each lens and the air gap D between each lens (mm), and d line 
of each lens are shown in the following table 6. In addition, the 1st, 2, a page [ 8 or 9th ] aspheric surface 
coefficient A, B, C and D, and Eccentricity K are shown in the lower berth of a table 6. 
[0038] 
[A table 6] 





R 


D 


N 


if 


1 


3. 1676 


0. 1778 


1.4910 


57. 6 


2 


1.6155 


0. 5773 






3 


3. 0673 


0. 1421 


1. 6584 


50. 9 


4 


0.8942 


0. 6865 






5 


4. 8498 


0. 4934 


I. 8467 


23.9 


6 


-1. 5527 


0. 0101 






7 


-1.5618 


0. 1522 


1. 7284 


33. 0 


8 


25.0867 


0. 8923 






9 


-4. 7638 


0. 2110 


1.4910 


57.6 


10 


-1. 4327 


0. 0507 






11 


-2. 7807 


0.1116 


1. 8467 


23.9 


12 


2. 4360 


0. 7034 


1. 4875 


70.2 


13 


-1. 5183 


0.0102 






1 A 


7 7 7 0 5 


ft ft A 7 Q 

If* 04 iv 


1 r i n a 
1. □ 6 U 4 


C ft o 


15 


-2. 0092 


0. 3000 






16 


oo 


2. 0724 


1. 5163 


64. 1 



K A B 

1 1. 0000 0. 7756X 10- 1 -0.8160x10" 

2 1. 0000 0. 5268X 10" 1 0. 1 110 x 10" 



C D 
0. 3012X 10- 0. 9021 x 10 -4 
-0. 5160X 10"* -0.5014X 10" 4 



9 1. 0000 -0- 6232x 10- 0. 9885 x 10-' 0. 1591 x 10- -0. 1204x 10- 
10 1.0000 0.8144x10- 0. 2464 x 10- 0. lOOOx 10 — -0. 1250x 10- 



[0039] Moreover, the f numbers of a lens and the half-field angles omega in this example 6 are 2.53 and 
41.6 degrees respectively. 

[0040] The retro focus mold lens of the <example 7> example 7 is explained using drawing 7 . The lens of 
this example 7 is considered as the almost same lens configuration as the lens of the above-mentioned 
example 5. In addition, conditional-expression (8) - (14) mentioned above is satisfied altogether, and each 
value is set up as shown in a table 8. The refractive index N and Abbe number nu in radiusofcurvature 
[ of each lens side in this example 7 ] R (mm), the main thickness of each lens and the air gap D between 
each lens (mm), and d line of each lens are shown in the following table 7. 
[0041] 
[A table 7] 





R 


D 


N 


V 


1 


3. S969 


0. 1771 


1. 4910 


57- 6 


2 


1. 5556 


0-5610 






3 


3. 2256 


0« 1414 


1. 6700 


47. 3 


4 


0. 9102 


0- 7161 






5 


4. 2475 


0. 5347 


1. 6467 


23. 9 


6 


-1. Z256 


0. L521 


1. 7234 


38. 0 


7 


16. 4240 


0. 9450 






8 


-1. 9963 


0. 1895 


1. 4910 


57.8 


9 


-1.4260 


0. 0506 






10 


-4. 5689 


0. 1114 


1. 8467 


23. 9 


ii 


2. 1266 


0. 7090 


1. 4876 


70. 2 


12 


-1.4243 


0.0101 






Id 


6. 2610 


0.6713 


1. 5891 


61. 2 


14 


-1. 9435 


0. 3000 






15 


oa 


2. 0724 


I. 5163 


S4. 1 


16 


OS 










K A 




B 


C 



1 1. 0000 0. 7988X 10' 1 -0. 9591 x 10" 2 0.2912x10" 0-6810x10-* 

2 1. 0009 0. 52O5X10 -1 0.1148x10-' -0. 5489x 10"' 0- 5497x 10" 

8 1. 0009 -0- 6388x 10" 0. 1245x 10" -0. 1782x 10" -fl. 1444x 10" 

9 1. 0000 0. 8392x 10" 0- 2201x 10"/ -0-1144x10" -0. 1502 x 10"* 

[0042] Moreover, the f numbers of a lens and the half-field angles omega in this example 7 are 2.53 and 
41.5 degrees respectively. In addition, it is made to correspond to the above mentioned examples 1-7, and 
each of that aberration drawing (spherical aberration, astigmatism, distortion, and aberration drawing of 
the chromatic aberration of magnification) is respectively shown in drawing 8 14. In addition, in this 
aberration drawing, omega shows a half field angle. According to each example mentioned above, the 
whole of each aberration mentioned above can be made good so that clearly from these drawing 8 14. 
Moreover, it sets to each spherical-aberration drawing. In each chromatic aberration of magnification 
drawing, the aberration of an F line [ as opposed to d line in the aberration over d line, an F line, and C 
line ] and C line is shown again. Furthermore, the aberration over the sagittal (S) image surface and the 
tangential (T) image surface is shown in each astigmatism drawing. 

[0043] In addition, as a retro focus mold lens of this invention, it is not restricted to the thing of the 
above-mentioned example, and modification of various modes is possible, for example, it is possible to 
change suitably the curvature R of each lens and the lens gap (or lens thickness) D. In addition, in the 
above-mentioned example, although this invention lens is used as an image formation lens, the activity 
mode of the retro focus mold lens of this invention can acquire the same effect, also when it is not 
restricted to this and uses as a projection lens of projection mold television etc. 
[0044] 
[A table 8] 





HftffJ 1 


mmm 2 


£2 


S^J 3 


UlSfl] 4 


(1) 


- 0. 5 8 


- 1, 19 


- 2 


. 1 5 


- 1 . 9 0 


(2) 


- 1 . 7 4 


- 2. 3 0 


- 1 


. 3 4 


- 1 . 2 4 


(3) 


0.5 8 


0.5 7 


0 


. 5 7 


0.4 8 


(4) 


0. 79x ID" 1 


0.78X L0~ l 


0. 


79x 10- J 


0. 79 x 10" 1 


(5) 


0. 46* 10" 1 


0.54X 10" 1 


0. 


4Bx 10- 1 


0.46X10- 1 


(6) 


28. 9 


2 6.4 


2 


3. 9 


2 3. 9 


(7) 


7 0.2 


7 0.2 


7 


0. 2 


7 0.2 








£2 


Sfll 7 




(8) 


- 1 . 8 2 


- 1 . 7 1 


- 0 


. 7 4 




(9) 


- 1 . 6 5 


- 1. 8 2 


- 1 


. 9 2 




(10) 


0.5 9 


0.5 8 


0 


6 0 




Cll ) 


0.79x10 


0- 78 x 10 


0. 


80* 10 _I 




C12) 


0. Six 10" 


0.53x ur 1 


0. 


52x 10" 1 




(13) 


3 8.0 


3 8.0 


3 


8. 0 




(14) 


7 0.2 


7 0.2 


7 


0. 2 





[0045] 

[Effect of the Invention] As mentioned above, although according to the retro focus mold lens of this 
invention the lens side of a predetermined lens is made into the aspheric surface and the lens of a 
parenthesis is formed with plastics as explained to details, amendment of aberration, such as distortion 
aberration, can be made good and the effect accompanying the temperature change of a plastic lens can be 
controlled further, moreover, a cutback side -- a tele cent - it can consider as a rucksack system and 
lowering of the circumference quantity of light which poses a problem with projection lenses, such as 
projection mold television especially using a liquid crystal display panel, can be prevented. 



[Translation done.] 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] The schematic diagram showing the lens basic configuration concerning the example 1 of this 
invention 

[Drawing 2] The schematic diagram showing the lens basic configuration concerning the example 2 of this 
invention 

[Drawing 31 The schematic diagram showing the lens basic configuration concerning the example 3 of this 
invention 

tDrawing 4] The schematic diagram showing the lens basic configuration concerning the example 4 of this 
invention 

[Drawing 51 The schematic diagram showing the lens basic configuration concerning the example 5 of this 
invention 

[Drawing fil The schematic diagram showing the lens basic configuration concerning the example 6 of this 
invention 

[Drawing 7] The schematic diagram showing the lens basic configuration concerning the example 7 of this 
invention 

[Drawing 81 Each aberration drawing of the lens concerning an example 1 
[Drawing 9l Each aberration drawing of the lens concerning an example 2 
[Drawing 10] Each aberration drawing of the lens concerning an example 3 
[Drawing 111 Each aberration drawing of the lens concerning an example 4 
[Drawing 12] Each aberration drawing of the lens concerning an example 5 
[Drawing 131 Each aberration drawing of the lens concerning an example 6 
[Drawing 14] Each aberration drawing of the lens concerning an example 7 
[Description of Notations] 
Ll -L8 Lens 

Rl -R16 Radius of curvature of a lens side or a filter side 

Dl ■ D15 Lens spacing (lens thickness) 

X Optical axis 

P Image formation location 

1 CCD Image Formation Side 

2 Infrared Light Cut off Filter (Low Pass Filter) 



[Translation done.] 
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a»e> c ©June bto £*u-c& •> , fr-oTm&zkftttms: 

[0011] (1) -2. 5<Fi/F 5 <-0. 3 



(2) 


-2. 8<FGi/FG2<-l. 0 


(3) 


0. 2<H/FG 2 <0. 75 


(4) 


0. 0<A (1) 


(5) 


0. 0<A (2) 


(6) 


v 4 < 3 2 


(7) 


5 8 < v7 




Fi : m 1 l^VX©iU£8g8f 


F 5 


m5 U^XW^^figgi 


FGx 


mi ^xm<nm&®.M 


FG 2 


m2u^xm<Dmmm 


H 


m2u^xM&±m<DiSL&vm. 


A (1) 


mi ^>-x&±w<D&<D4ft.m<o&mffi&m 


A (2) 


mi ^>-xm^m<D&<D4&r&(D&mft&M 


v 4 


m4 Ul/XT y<Wt. 


v^ 


mi ui/xr-y<m 



[00 12] S3 ^>-XL 3 <t|g4 uyXL 4> *> 

«fctfSB6 UVXL 6 i:f!7 l^yXL 7 li^$HT^5. 
tt^:{l!l^fc7tfilXlc:«ioTA*tLfc7t*fiCCD 

5o ill u-^XLittiSg/h{B!l{c[ffltBSrlSlttv # 

^>-X, m2 UVXL 2 *5j;t5|g3 U-VXL 3 tti^/h{|!j}c 
l!!]ffiSr(6l»tfcA<D^=^X7^WVX, |?4 ^>-XL 4 te 

te^fiu^sav^ft^ffiSrtfijttfci^iau-vx, sgsi^x 

L5«^/hffl!llc£iffiSr[fi]l7, ^®5r^L, *>o/7^ 
^•s/^^Pj^SiE©^ = *X7.X l^>-X x |g6U>-XL6 
liSS/hfflyt'^^ft^S^iautfcMMu-vX, HI 7 uy 
XL 7 4oJ;0 5 |g8 U'>'XL8«^J'>(ai^^V' l ft*WffiSrlfil 
ttfcMfiuvXTfeio 

[0 0 13] ±|2^#5C (1) ~ (7) Kovn-C 



1# a ¥9-96759 



(4) 



(1) <A±PS, TR<0ir*>e>*iit*.i: 

L$5. (2) ©±PS*M^5i:, l&l 

#»Ji§^5fc«> s HXitWjEtfSflK&S. TPS* 

i/>Xp<7>fc*c<l!l i^yXfflSiS^f <4otLS5, 
[0 0 14] 3=fc, (3) f±^HK^**iEbO 

±R» TP8»^*>^*Sx.T>bitRMttiE^ffllitr/i5. 
2M$5S; (4) *5j:tf (5) <DTPE£rii;L5£> 51 

Z = CYV {1+ (l-KC2y2) 1/2} 
+ AY4+B Y 6 +CY 8 +DYl° 



* (6) <0±M*m%.Z>b. ffiF*fite££*±feJMfc«r/< 

(7) <DTm*mx.z>t, fem&ummttfctte 

R (mm) , 'S-WV'Xo^^J^iJ.tOJ^W'VXraro^ 
(mm) , #W>-X«C>dat-*J»t-5, JBSf^Njo 

[0015jfc7cU r»*lt>«tUf^5$i-5m2~7 
{C^T, #I2^R, D. N, vlcm$-frfc^lil£ 
^rfiilA^W^JSAP-rs J; R lf r 

2, R 8 , Rgtt. TIES: (A) iCt 9*$^5^aDt?fc 

tftot^S. cwTK*-t-*2~7i;ro^-c i bi!ri 

C) o 



(A) 



fc^U Z : fttta>k©i$£Y©#ifcffi±cD,£j;«5, # 
COC^ (mm) 

c : &&m<Dmbmm i%M±<oihwm (Ri) 
so 

Y : yMfrh<Dm£ (mm) 



K : m*>* 

A, B, C, D : ^4, 6, 8, 
SKOTSCIl, 2 
A, B, C, D*J«tUtK-C>*KSr^-f-, 
[0 0 163 



1 0&<D#£fcffi^gc 

8, 9ffi©#«vffi#$c 



ftffiW- 9-96759 



(5) 





R 


D 


N 


V 


1 


3. 6403 


0. 1770 


1. 4910 


57. 6 


2 


1. 7102 


0. 5278 






3 


2. 8106 


0. 1415 


1. 7015 


41. 2 


4 


0. 69BO 


0. 5397 






5 


13. 3487 


0. 1522 


1. 7015 


41. 2 


6 


1. 0944 


0. 5629 


1. B487 


23. 9 


7 


-14. 6985 


1. 0620 






B 


-2. 3025 


0. 1617 


1. 4910 


57. 8 


g 


-I. 6797 


0. 0505 






10 


-5. 3445 


0. 1112 


1. 8467 


23. 9 


ii 


2. 2489 


0. 6962 


1. 4875 


70. 2 


12 


-I- 4544 


0. 0101 






13 


7. 1353 


0. 6488 


1.6204 


60.3 


14 


-I. 9649 


0. 3000 






15 


oo 


2. 0724 


1. 5163 


64. 1 


16 


DO 









8 



K A B 

1 I- 0000 0. 7896X 10" 1 -0.9712x10 

2 1. 0000 0. 4584X 10' 1 0.1162x10 

8 1. 0000 -0.6154X lO" 1 0.1518x10 

9 1. 0000 0. 8329x 10"' 0- 1555 x 10 

[0 0 17] ^fc, zcDmmmnz&tfzui/xcDFi- 

l/'<%> X Zf^lgft co 2.53*5 £ TMl. 5° -C£>£o so 

[0018] <^MM2>mmm2(Duhv7*~*x 

£fiS#oT^3 0 ft*5, (1) - 

(7) ^TffiS^ttT4B«9, «-^(Ofttfi*8{^-r$P 



C D 

8 0, 3396x 10"' 0. 2617X 10~ fl 

J -0. 4963X lO"* -0. 4959X 10" 1 

■ a -0. 1567x 10-» -0. 1165x 10" 8 

0 -0. 9957X 10" -0. 1199x 10"* 

*WSR (mm) , #u-^X(D4 3 'OJ¥*5J:T^#u>'X 

r$<D&nmmD (mm ) x ^uvx^dj^^^jt^, 

2^™:fl> 2 V 8, 9ffi0^ffi{fcSScA, B, C, 

[0 0 19] 
[«2J 



¥fm ¥9-96759 





T3 


v 


IN 


V 


1 


* 75 a a 


n t 77ii 


i a a l a 
1. 4 a LU 


57. 0 


9 

b 




n r ^ r<s 

U- 309V 






a 

o 


S 911 0 1 


n i a i a 

U* 14 10 


t 7 A 1 C 

1* iv La 


41- Z 


A 


a q e 7 a 


n 7 ar a 
u. r sou 






e 


e 97 ft e 


A K1 7 


1. baeo 


OO. 4 


a 

0 


1 - 44 0 6 


A 1 A 1 9 

U. 1 U 1 to 






7 


1* DDU4 


A ASA 1 


1 fi AC 7 


AC 4 

Z5- 4 


D 

D 


11- 1 U 1 4 


A tb / 7 9 
U* tf 4 / 0 






a 




A 9749 


1 ASIA 
1. 4H 1U 


R7 a 


1 ft 




A A3 Aft 






1 1 


a- Z^fl 1 


U. 1 1 1 z 


1- 8467 


23* 9 


12 


2. 1954 


0. 6073 


1.4875 


70.2 


13 


-K 5387 


0. 6 10 L 






14 


6.4769 


0. 6763 


1. 6204 


60.3 


15 


-U 6901 


0. 3000 






10 




2. 0724 


1. 5163 


64. 1 


17 











K A B 

1 1.6000 0. 7787X 10 _I -0. 7981 x 10 

2 1. 0000 0. 5411 X 10: 1 0. 1086x 10 
9 1. 0000 -0. 5983 x 10' 1 0. 5308x 10 

10 1. 0000 0. 6124x 10-' 0. 2803x 10 

[0 0 2 03 Z<DM1&&l2\Zio\?2> \s^X<DF1- so 

[00 2 13 <*K«3>3Btt«3©^hn7^-*^ 
(OU^Xtt, ±|B|*l(ll«l(OU^Xi:KlSRl*©^>'X 

(1) - (7) tt^T»JBSixT*5 0, #*(Dtttt 



0. 2551 x 10" 



0.1S19X 10- 



" l -0. 5168x 10" -0. 5072X 10~* 
-0. 2428X 10"* -0.1218X 10' 8 
"* -0. 9153x10"* -0. 1242X 10"* 

[0 0 2 23 .^<©IOt«3fc*5^S#U>'XaS©ft*^ 
(mm) % * l/yX©ti#*5 J: # l/VX|B©a 
«WHBD (mm ) , * uyX(D d *IICt3it5, JBiFr* 
N*5iVTy<»vSrTIB*3»c:*i- 0 **5, $3<DT 
ttll, 2, 8, 9BB<0*«BB«»A t B f C,D*5i 

[0 0 2 33 
[*33 



ft 9-96759 



11 12 





R 


D 


N 




1 


3. 7353 


0. 1774 


1 491 0 


57 fi 


2 


1- 7522 


0. 5348 






a 


3. 0247 


0. 1419 


I. 6667 


48. 3 


4 


0. 8910 


0. 4173 






s 


1 31. 0532 


0. 1527 


1- 7205 


34. 7 


6 


1. 1637 


0. 5820 


1. 6467 


23. 9 


7 


-14. 066L 


1- 2570 






a 


- 15. 7604 


0. 3041 


1- 4910 


57 fi 


9 


-1- 4432 


0. 0507 






10 


-2. 6652 


0. 1115 


1. 6467 


23. 9 


1 1 


5. 0103 


0 0258 

W • V at if V 






12 


5. 9343 


0. 6814 


. 1- 4875 


70. 2 


13 


-1. 4906 


0.0101 






14 


10- 2638 


0. 5688 


I. 6204 


60. 3 


15 


-2. 2313 


0. 3000 






16 


oo 


2. 0724 


1.5163 


64. t 


17 


DO 









K A B C D 

1 1. 0000 0.7884xlO" 1 0. 9246x 10" 0.3100x10-' 0. 1899x 10"' 

2 I. 0000 0. 4756X 10- 1 0.1118X10* 1 -0. 5025 x 10" * -0. 4830 x 10" 1 
& 1.0000 -0. 5947X 10" 1 O.eSHxiO" 3 -0. 3071 x 10*' -0.1180x10"' 
9 UO000 0. 8219X 10' 1 0.25B6xl<r B -0.7778x 10" ~€. 1188x10"' 



[0 0 2 4] r©|«6«3te*5»t<5^^X©F-J- 
^s<& co \±fr*2. 53*5 «t IM1. 6° -Cfc5 0 

[0 0 2 5] <Hlfi«4>30fc«4^UhP7*-*^ 
S^>'X^COt^TEl4^fflV^TlttP^-r^ 0 r.CO|IJSC?ij4 

{KI^V>ft^tS^r^ftfcWIU]U^Xt Stt, 15^ 

ti % me ^>'XL 6 ^,J^^^3iv^**<DffiSrrfiI^tfci^ 

Hfl Ix^X £ £ JxT ^ 5 /ST JisEHJS^J 3 <D t tt*fc 

ot^So W»LfcaH*5*; (l) - (7) tt^x 



40 



[0 0 2 63 c.o||JK0!j4Jc:t5^5#uvXfBo**^ 
SR (mm) . *U^X©"t-*tffj3«tt^#l^>'XB(|(D?2 
SKWRBD (mm ) , #UVX<Ddi&glC;*ott5 % B#r^ 
N*5iTj-r y^»vSrTI5*4^i- 0 fc*5 % 

2. 8, 9 (BO^jEfiljRA, B, C,D Jo J: 

[0 0 2 7] 
[3*4] 



ft Hi ¥9-96759 



(8) 

13 



14 





it 


n 
u 


JN 




1 
1 




A -17 »o 


1. 4910 


57- 6 


4 

2 


1 A 1 AO 

i. o icy 








a 

0 


9 0 7ft 0 


A 1 i«C 


1. 6687 


48. 3 






A /] 97(1 

0. 43(0 






c 
0 


_ O Q AQ77 


A 1 e 44 


1. 7205 


34. 7 








1 0 a a t 

1. 64o7 


23- 9 


7 
1 


-7 QCflQ 


1 R Q O O 

1. 






0 

o 


qg 9 7 17 
£0. 0 II f 


n 9 a c x 


1 /J A 1 rt 

1. 4910 


57. 6 


c 

V 


1 « OOZY 


A A c A A 

u. UOOU 






1 A 

1 V 




n 1 1 on 
U. 1 Izu 


1. 64b7 


23. 9 


1 f 
l i 


A | A A 7 

•5. 1907 


a ni 71 
0. U171 






12 


3.4089 


0. 8701 


1.4875 


70.2 


13 


-I. 9736 


0. 0102 






14 


5. 6526 


0. 5333 


1. 6204 


60.3 


15 


-3. 0301 


0. 3000 






16 


0© 


2. 0724 


1.5163 


64. 1 


17 


DO 









X A B 

1 1. 0000 0. 7863X 10" 1 -0.1059x 10 
I 1. 0000 0. 4625X 10' 1 0.1118x80 



C D 

0. 3352 X 10"* O^SSxlO-' 1 



*- J -0. 5199X 10"* -0. 5030 X 10" 
8 t. 0000 -0. 2043X 10" 1 0. 3476x 10-' 0.5185x10"* -0. 7465 X 10' 4 



9 i. 0000 0. 3654XIO" 1 -0.2504x 10 

[0 0 2 8J ^OHJfeflRj4»C*$lt5U>'X<OF^ 30 

>-/^J:^Bf^a>f±#^2.53*3<tt/41.7 0 "CfcSo 
[0 0 2 9] <|t*«5>|06«5 0U'hci7*— *^ 

ilfi/h0S»cMv^ft*oB*i^ltfcMia^^X. |4i/yX 
L^^fflSl^^^tt^OBB^f^^^iWIMlu^Xi Sft 

fc, *HJfc«OU^XttTIB*fl=S: (8) - (14) ^ 

[0 0 3 0J (8) -2. 5<Fi/F5<-0. 3 

(9) -2. 8<FGi/FG2<-l. O 

(10) O. 2<H/FG 2 <0. 7 5 

(11) O. 0<A (1) 

(12) O. 0<A (2) 

(13) 28<v 4 <32 

(14) 5 8< v 7 

-rr% Fi \*\wxo>miiam 

F 5 : |g5 \sl/X<Dltk£i$m 
FGi : m 1 t^XW^fcjftUHB 



- a 



0. 6087x 10-* -0.2028x 10"' 

F G 2 : m 2 U VX»W«s£Sg«i 

h : $ 2 u^xm&*w<Dis:fi.mm 

A ( 1 ) : ft 1 l^XfcMRIroStf? 4 ^«tD#^ffi^ 
A ( 2 ) : m 1 W-^X«g/h(B)<DS(D 4 &JJ<D#Bfcffi^g: 

v 7 ifTVyXT^S 

[O 0 3 1 ] £*l,e>#*#5t (8) ~ (14) fiJ^TW 

(8) ro_hpg, Tm<Di?-hh*Mz.xh, ll^XL 
l£. 15 UVXL5©2o©7'7^f y ^ l^yXo^!? 

£#3; (9) (0±RBS:*|x5t. JH^^<7- 

^era<DK«i^<^ofct), sgi u^^m^^m^ 

[0 0 3 21 Sfc. 25#5*; (10) HitlRS&MiE Lo 



ft Kl ¥9-96759 



(9) 



15 

tilt. *ffS; (11) fciO! (1 2) ©TKStSxl.S 

(13) (D±M, TRiffebSrittjtTfc. (g^feJDiM 
5, (14) (DTm*Mz-Zt. fi^& 

ZkftJZ. (8) ~ (14) f±^:T^S$tbT*JfJ, 





R 


D 


1 


3. 6333 


0. 1776 


2 


I. 746L 


0. 5408 


3 


3. 027L 


0. 1421 




0. 8925 


0. 8193 


5 


4. 6854 


0.5037 


6 


-1.4188 


0. 1527 


7 


13.5067 


0.9458 


a 


-5.2790 


0. 2172 


9 


-1.4198 


0.0511 


10 


-2. 8135 


0. 1119 


11 


2. 5544 


0-7217 


12 


-1- 5086 


. 0.0102 


19 


8. 0709 


0- 6548 


14 


-2. 0473 


0. 3000 


15 


oo 


2. 0724 


16 


oo 





N 

1.4910 

1. 6584 

1. 6467 
1- 7234 

1. 4910 

1. 8467 
1. 4875 

1. 6204 

1. 5163 



16 

* [0 O 3 3] ^0D|gJfefi?ij5(C*3it5#U^Xffi(Dft^ 
@R (mm) . &\slsX<D^foW.&SLXt&\sl/XW<0& 
SlIWIHD (mm ) , #U^X©dUfc*5tt5> ffltfr^ 

[0 0 3 4] 

V 



57.6 

50.9 

23.9 
38.0 

57.8 

23.9 
70.2 

60.3 

64. I 



K A B 

1 1. 0000 0. 7874X 1Q- 1 -0. 8802X 10 

2 1. 0000 0. 5069x 10-' 0.1106x10 
8 1. 0000 -0. 6231 X 10" 1 0.1033x 10 



9 1 

[0 0 3 51 

coo 3 6j <mMm$> 

^uvX^o^TEie Srffl 
(DU^Xfi x ±fEHH6M5 

l^XL^Sl^fitfrTV 

4) tt£TM££iL-C*5 9 



0000 0. 8155X 10' 1 0.2364X 10 
2. 53*5 £0*41.6° 

LT, Jg3 l">-XL3tm4 

(8) - (i 



0. 1097 X 10 _s 
-0. 4988 x 10" 1 
-0. 1173X lO"" 
-0. 1218X 10"* 



8 0.2B35XIO- 5 

3 -0. 5143x 10"* 

a -0. 1516X 10'* 

'* -0. 9927X 10"* 

[00373 ^<DmmmG\z&tf%&u>>xffi<D&m¥ 

§R (mm) % § U y X(D t if *5 i u y Xf B ^^ 
MPfflRSD (mm ) , uyX© dlftfcfctt 3 , fflSr* 

SKlJRl, 2, 8 N 9ffi<D^*BH«*A, B f C, D*5,t 

[0 0 3 83 
1*63 



ft ffl W- 9-96759 



(10) 

17 18 





K 


U 


IN 


u 


1 


3- 1676 


ft 1 T TO 

0. 1776 


1- 4910 


57. 6 


9 
ft 


1 ft 1 R R 
1 . 0 10 0 


u- o/ro 






9 

0 


9 AR7Q 
0- U0 10 


ft 1 A 9 t 


1 AC 0 J 

1. ooS4 


50. 9 


4 


A 0 ft / O 

U. 6H4 a 


0. 0909 






c 
9 


A ft/10 fl 


A A nqj 

U. 4 SM4 


I. 0467 


23* 9 


A 
0 


- 1 RR97 
1 - OOft 1 


n n i n i 






7 


I- 00 i D 


n 1 R99 


1 79 <M 
1. IZ04 


Oo. U 


D 
D 


ae A 9 fl 7 
20- Uflfl f 


A fi Q f> Q 






fl 

s 


-A 7fi 3 9 
4- f DOB 


A 9 1 1 A 


i a a i a 
1. 4V 1U 


9 1 . 0 


1 A 
16 


_ | yt QAM 


A nCA7 






1 1 


4 7QA9 

- ft- |807 


A 1 1 1 £ 

D. 1116 


1. 8467 


23. 9 


12 


2.4360 


0. 7034 


1.4875 


70.2 


13 


-1. 51B3 


0. 0102 






14 


7. 7722 


0. 6479 


1. 6204 


60.3 


15 


-2. 0092 


0. 3000 






18 


oo 


2. 0724 


1. 5163 


64- 1 


17 











1 

2 
9 
10 



K 

oooo 

0000 
0000 



A 

0. 7756X 10" 
0. 5268X 10~ 
-0. 6232X 10" 



1. 0000 0. 8144 x 10- 

[0 0 3 91 Z<DmmMe\ao^^U>X<DF^ 

<fc Xf¥Mfi a> 2. 53*5 ± XMl. 6° T?*> S . 

[0 0 4 0] <mifcm7>mMffl7<DUhti7*-X7s 

«J*i*ixT^Sp *r»Lfc*fl=5S; (8) - (1 

4) f±±T*S*ttT*5 0, **Offitt*8fci^t1in< 



B 

-0. 8160x 10" s 
O.lllOx 10"' 
0. 9885 X 10" 
0. 2464X 1Q-* 

30 jg 



0. 9021 x 10" 
-0. 5014x 10"* 
-0. 1204x 10" 



0. 3012x 10" 
-0. 5l«0x 10" 
-0. 1591X 10" 

-0. 1000X 10" -0. 1250x 10" 

WSR (mm) , #U^X(0+ij>ff*5«tt5*U>'X|l(| 
(DQm.fflmD (mm ) , #^>X(Odj|ftfc*5«t5 % JB 
Jff*N*5 J:tf 7 5/-<ic v £TfE* 7 

[004 1] 

1*71 



ftHl¥9-96759 



(11) 



19 





R 


D 


N 


u 


I 


3. 3969 


0. 1771 


1. 4910 


57. 6 


2 


1. 6556 


0. 5610 






3 


3. 2256 


0. 1414 


1. 6700 


47- 3 


4 


0. 9102 


0- 7181 






5 


4. 2475 


0. 5347 


1. 8467 


23. 9 


3 


-1. 2256 


0. 1521 


1. 7234 


38. 0 


7 


16. 4249 


0. 9450 






8 


-1. 9963 


0. LB95 


1. 4910 


57. 6 


9 


-1. 4260 


0. 0506 






10 


-4. 5689 


0. 1114 


1. 3467 


23. 9 


11 


2. 1266 


0. 7090 


I. 4875 


70. 2 


12 


1. 4243 


0. 0101 






IS 


8. 2610 


0. 6713 


1. 5891 


61.2 


14 


-1. 9435 


0. 3000 






15 


oo 


2. 0724 


t.5169 


B4. 1 


16 


DO 









20 



B 



1 1- 0000 0. 7988 x 10"' -0. 9591 x 10 

2 1.0000 0.52O5X10" 0.1148x10 

8 1.0000 -0.6388x 10-' 0. 1245x 10 

9 1.0000 0.8392x 10" 0. 2201x 10 
[004 2] Sfc, Z<DmMW7\Zl3V?>U>X<DF-)- 

IRH0) 5r ! S-*ia8~l 4\z^-t 0 /i*>\ rcoifcMIIHc 

i>K -£ti&fem&®.mw\zt5^xt±dm\ctt-t?, Fma 

tcf±, -V-i/f/u (s) «Ifc < tWy^iyv't;i' 40 



■' 0. 2912x10"* 0.6819X10- 4 

■' -0. 5488X 10"* -0. 5497X 10"* 

■' -0.17B2X 10"* -0. 1444X 10"* 

.* -0.1144x10"* -0. 1602X 10" 

(t) mm^Mi-^mm^^nx^^,, 

[0043] *SI©l/hn7t-*^Il'yX 
*s£tfu^Xfflm (t> L<f*w->-XJ9) DSriS3:^K-r 

[0 0 4 4] 
[*8] 



nm *F 9-96759 
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(54) PROJECTION LENS AND METHOD FOR ADJUSTING FOCUS OF PROJECTION LENS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a projection lens 
having a wide angle, a short projection distance, a long 
back focus, and a telecentric property and capable of 
projecting light at high contrast, reducing various 
aberrations such as a distortion aberration and 
transforming an optical path inside. 
SOLUTION: A 1st lens group 100 having negative 
refractive power and 2nd and 3rd lens groups 200, 300 
having positive refractive power are successively 
arranged from the long conjugate side. When it is defined 
that a back focus is BF, the synthetic focal distance of 
the whole system is F, an air interval between the 1st' 
and 2nd lens groups 100, 200 is GD1, the synthetic focal 
distance of the 1st lens group 100 is F1, the synthetic 
focal distance of the 2nd and 3rd lens groups 200, 300 is 
P23, and a center air face interval between the 2nd and 
3rd lens groups 200, 300 is GD2, conditional inequalities 
[2.8<BF/F], [3.0<GD1/F<4.50], [0.40<-F1/F23<0.48], and 
[0.40<GD2/F23<0.8] are satisfied, [n this case, a focus is 
adjusted by moving the 1st lens group 100 along an optical axis OA. 
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CLAIMS 



[Claim(s)] 

[Claim 1] When the 3rd lens group which has both the aspheric surfaces as it is characterized by 
providing the following has been arranged While an optical-path conversion means for changing an 
optical path of the flux of light from the above-mentioned 1st lens group to [ is inserted between the 
above-mentioned 1st lens group and the above-mentioned 2nd lens group, and ] the above-mentioned 2nd 
lens group is established BF and a synthetic focal distance of the whole system for a back focus at the 
time of projector distance infinite distance F, A main air spacing of F23, the above-mentioned 2nd lens 
group, and the above -mentioned 3rd lens group is set [ a main air spacing of the above-mentioned 1st lens 
group and the above-mentioned 2nd lens group / a synthetic focal distance of GDI and the 
above-mentioned 1st lens group ] to GD2 for a synthetic focal distance of Fl, the above-mentioned 2nd 
lens group, and the above-mentioned 3rd lens group. 2.8 - < -- BF/F3.0<GD1/F< 4.500.40 - < 
-F1/F23O.480.40 - < - GD2/F230.8 - a projector lens characterized by satisfying conditional expression 
The 1st lens group which has the aspheric surface while applying to a short conjugation side from a long 
conjugation side and having negative refractive power in order The 2nd lens group which separates main 
biggest air spacing among the whole system, and it is made to have positive refractive power, is equipped 
with at least one positive lens, iand is formed Positive refractive power 

[Claim 2] At least, while the above-mentioned 3rd lens group is equipped with a lamination lens and a 
positive lens and making it have an aspheric lens in shortest conjugation side A synthetic focal distance of 
the above-mentioned 3rd lens group A synthetic focal distance of an aspheric lens of F32 and the 
above-mentioned 3rd lens group is set [ a synthetic focal distance of a lamination lens of F3 and the 
above-mentioned 3rd lens group / a synthetic focal distance of a positive lens of F31 and the 
above-mentioned 3rd lens group ] to FP33 for a synthetic focal distance of a positive lens and an aspheric 
lens of FP32 and the above-mentioned 3rd lens group. 1.00<-F31/F3 - < - 2.500.9<FP32/F3 - < - 
1.402.00<FP33/F32 - a projector lens according to claim 1 characterized by satisfying conditional 
expression. 

[Claim 3] It is formed with a negative lens and a positive lens, lamination covering [ of the 
above-mentioned 3rd lens group ] it in the direction of a long conjugation side to a short conjugation side. 
A refractive index of a negative lens which forms a lamination lens of the above-mentioned 3rd lens group 
N3N, A refractive index of a positive lens which forms a lamination lens of the above-mentioned 3rd lens 
group N3P, The Abbe number of a negative lens which forms a lamination lens of V3P and the 



above-mentioned 3rd lens group for the Abbe number of a positive lens which forms a lamination lens of 
the above-mentioned 3rd lens group is set to V3N. A projector lens according to claim 1 characterized by 
satisfying conditional expression which becomes N3 NN3P>0.15V 3P-V3 N>27. 

[Claim 4] The above-mentioned optical-path conversion means is a projector lens according to claim 1 
characterized by being prepared along a long side of a two-dimensional image display element which 
should be put on a focal location of the projector lens whole system concerned as an optical path is bent. 
[Claim 5] The above-mentioned optical-path conversion means is a projector lens according to claim 1 
characterized by being prepared along with a shorter side of a two-dimensional image display element 
put on a focal location of the projector lens whole system concerned as an optical path is bent. 
[Claim 6] The above-mentioned optical-path conversion means is a projector lens according to claim 1 
characterized by being constituted by mirror which carries out total reflection only of a P wave or the S 
wave. 

[Claim 7] The above-mentioned optical-path conversion means is a projector lens according to claim 1 
characterized by being constituted by prism which carries out total reflection only of a P wave or the S 
wave. 

[Claim 8] When the 3rd lens group which has both the aspheric surfaces as it is characterized by 
providing the following has been arranged While an optical-path conversion means for changing an 
optical path of the flux of light which is inserted between the above-mentioned 1st lens group and the 
above-mentioned 2nd lens group, and should result in the above-mentioned 2nd lens group from the 
above-mentioned 1st lens group is established BF and a synthetic focal distance of the whole system for a 
back focus at the time of projector distance infinite distance F, A main air spacing of F23, the 
above-mentioned 2nd lens group, and the above-mentioned 3rd lens group is set [ a main air spacing of 
the above-mentioned 1st lens group and the above-mentioned 2nd lens group / a synthetic focal distance 
of GDI and the above-mentioned 1st lens group ] to GD2 for a synthetic focal distance of Fl, the 
above-mentioned 2nd lens group, and the 3rd lens group. 2.8 - < - BF/F3.0<GDl/F< 4.500.40 - < 
-F1/F23O.480.40 - < - GD2/F230.8 - as the focus control method of a projector lens of satisfying 
conditional expression A focus control method of a projector lens characterized by adjusting a focal 
location by the side of long conjugation of the above-mentioned projector lens by moving the 
above-mentioned 1st lens group along an optical-axis top The 1st lens group which has the aspheric 
surface while applying to a short conjugation side from a long conjugation side and having negative 
refractive power in order The 2nd lens group which separates main biggest air spacing among the whole 
system, and it is made to have positive refractive power, is equipped with at least one positive lens, and is 
formed Positive refractive power 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention is applied to the projector lens with which 
is concerned with a projector lens, for example, the projection equipment of a projection display etc. is 
equipped, and let it be a suitable thing. 
[0002] 

[Description of the Prior Art] In recent years, the projection display has spread widely. The so-called back 
projection type which displays by projecting image light from the back side to the screen of a transparency 
mold as one of such the projection displays of projection display is known. 

[0003] The flux of light which coUimated the light of the source of the white light by the reflector etc. is 
decomposed into the flux of light of three colors of red, green, and blue by the color-separation mirror by 
the above projection displays of a back projection mold, for example. And ON light of the flux of light of 
the three above-mentioned color is carried out to the 2-dimensional each image display element (for 
example, LCD;Liquid Crystal Display) formed according to red, green, and a blue (R, G, B) image 
electrical signal. Color composition is carried out white in color composition optical system, and 
amplification projection of the **** obtained on the 2-dimensional each image display element 
corresponding to these red, green, and blue is carried out on the screen of a transparency mold through a 
projector lens. 

[0004] In addition, in consideration of the limit by the quick return mirror etc., many photographic lenses 
of the wide angle system for single-lens reflex cameras with a long back focus and wide angle projector 
lenses for projection TV by CRT (Cathode Ray Tube) are also proposed as a lens of the same configuration. 
[0005] Moreover, in the lens system which forms a projector lens, the structure of changing 90 degrees of 
optical paths may be taken as a projection display. By this, the orientation of the case of the projection 
device in a projection display and the installation direction of the various optical elements from the color 
separation inside a projection device to color composition are changed, or it becomes possible further to 
miniaturize the various above-mentioned optical elements, and it becomes possible to attain the 
miniaturization of a projection display. 
[0006] 

[Problem(s) to be Solved by the Invention] With the configuration of the above projection displays, the 
so-called back focus which is equivalent to the distance from a two-dimensional image display element to 
[ from the limit on the need of arranging optical elements such as a dichroic prism or a dichroic mirror, ] 



the last edge of a projector lens as color composition optical system must be secured for a long time. 
[0007] Moreover, as a projection display, when forming an amplification image in the whole screen of a 
transparency mold with one projection device, it is necessary to shorten projector distance (for example, 
main beamoflight length from the outgoing radiation edge of a projector lens to a transparency mold 
screen through a mirror) for miniaturization of the projection display itself. For that purpose, it is 
necessary to wide-angle -ize a projector lens, to enlarge the angle of divergence of outgoing radiation light, 
and to obtain a big screen. 

[0008] Moreover, a two-dimensional image display element is made to penetrate the light which results 
from the light source, and in order to carry out amplification projection of the image on a two-dimensional 
image display element by high contrast at a screen, the flux of light injected at a vertically near angle 
must be used from a two-dimensional image display element. Moreover, in order to lose the color 
nonuniformity on the screen with which it is projected on image light few, the one where the beamoflight 
angle width of face which hits the coat side of the dichroic prism used for color composition optical system 
or a dichroic mirror is more fixed is good. 

[0009] Therefore, it is necessary to have tele cent rucksack nature so that the chief ray besides the shaft 
of a projector lens may become vertical to a two-dimensional image display element, but since the 
two-dimensional image display element itself has the high direction of contrast only in the one direction 
in this case to a lens being symmetrical to the optical axis passing through a two-dimensional image 
display element center, it is necessary to attach an angle to the flux of light itself irradiated by the 
two-dimensional image display element. 

[0010] Moreover, although display devices, such as LCD, are usually adopted as a two-dimensional image 
display element, since LCD is driven using a matrix electrode, it is difficult [ it ] to amend distortion of a 
projector lens unlike the case where CRT is used. That is, although it will become possible to amend 
distortion of a projector lens by using the amendment function of raster configurations, such as spool 
distortion amendment, comparatively easily if it is the case of CRT, in the display device to which a 
dot-matrix display is performed like LCD, distortion amendment of such a raster is not usually performed. 
If it carries out from the above situations, the thing small as much as possible of the distortion aberration 
of a projector lens is desirable. However, this serves as a failure to obtaining wide angle izing and the 
long back focus of a projector lens. That is, as a projector lens, after securing wide angle izing and a long 
back focus, if tele cent rucksack nature is given, a lens overall length becomes long or it turns out that it 
has the inclination for the diameter of a lens etc. to become large. 

[0011] Moreover, the photographic lens of the wide angle system for single lens reflex cameras and the 
projector lens of the back focus for projection TV by CRT are inadequate, and since the incident angle and 
the angle of emergence of an axial outdoor daylight bunch are tight, the actual condition is that there is 
no tele cent rucksack nature and the quantity of light has also decreased. 

[0012] Moreover, if the so-called whole delivery method which obtains a focus location by adjusting the 
relative distance of the projector lens whole [ for example, ] and a screen as a method of focus control in 
the case of the projection display which takes the configuration which changes an optical path within a 
projector lens is adopted, since the image center on a screen will shift, it turns out that it is not suitable. 
Therefore, in such a projection display, the technique for suitable focus control other than a whole 
delivery method needs to be taken. 
[0013] 



[Means for Solving the Problem] Then, in order that this invention may solve the above-mentioned 
technical problem, it has a long back focus, the big amount of axial outdoor daylight, and tele cent 
rucksack nature with an extensive field angle and short projector distance as a projector lens with which 
optical-path conversion is performed into the system, and aims at moreover a small thing of distortion 
aberration or many aberration being obtained. Moreover, it aims at focus control which suited when 
optical-path conversion was performed into a system of a projector lens being made to be performed. 
[0014] For this reason, the 1st lens group which has the aspheric surface while applying to a short 
conjugation side from a long conjugation side and having negative refractive power in order, When the 
2nd lens group which separates main biggest air spacing among the whole system, and it is made to have 
positive refractive power, is equipped with at least one positive lens, and is formed, and the 3rd lens group 
which has the aspheric surface while having positive refractive power have been arranged It is inserted 
between the 1st lens group and the 2nd lens group, an optical-path conversion means for changing an 
optical path of the flux of light which should result in the above-mentioned 2nd lens group from the 
above-mentioned 1st lens group is established, and a projector lens is formed. BF and a synthetic focal 
distance of the whole system for a back focus at the time of projector distance infinite distance And F, A 
main air spacing of F23, the above-mentioned 2nd lens group, and the above-mentioned 3rd lens group is 
set [ a main air spacing of the above-mentioned 1st lens group and the above-mentioned 2nd lens group / a 
synthetic focal distance of GDI and the above-mentioned 1st lens group ] to GD2 for a synthetic focal 
distance of Fl, the above-mentioned 2nd lens group, and the 3rd lens group. 2.8 - < - BF/F3.0<GD1/F< 
4.500.40 - < Fl/F23<0.480.40 » < - GD2/F23<0.8 - we decided to constitute so that conditional 
expression may be satisfied. 

[0015] After this secures an air gap which can arrange an optical-path conversion means between the 1st 
lens group and the 2nd lens group, a lens configuration of a reverse looking far mold will be obtained as a 
long wide angle lens of a back focus. Moreover, it is made to be obtained with being constituted so that a 
chief ray outside a shaft may be injected in a high location of the 3rd lens group in a field of 2-dimensional 
image display elements, such as a liquid crystal panel, in the TERESEN rucksack nature of a chief ray 
outside a shaft which carries out incidence. 

[0016] And while the 3rd lens group is equipped with a lamination lens and a positive lens at least and 
making it have an aspheric lens in shortest conjugation side under the above-mentioned configuration A 
synthetic focal distance of this 3rd lens group A synthetic focal distance of an aspheric lens of F32 and the 
3rd lens group is set [ a synthetic focal distance of a lamination lens of F3 and the 3rd lens group / a 
synthetic focal distance of a positive lens of the F31 3rd lens group ] to FP33 for a synthetic focal distance 
of a positive lens and an aspheric lens of FP32 and the 3rd lens group. 1.00< F31/F3 - < - 
2.500.9<FP32/F3 - < - 1.402.00<FP33/F32 - we decided to constitute so that conditional expression may 
be satisfied. Balance of refractive power of a positive lens which forms a lamination lens in the 3rd lens 
group, balance of refractive power of a positive lens in the 3rd lens group, and balance of refractive power 
of ************** in 3rd leng group are specified by this, and it becomes possible to acquire an 
amendment condition of many good aberration. 

[0017] Moreover, after forming with a negative lens and a positive lens, having covered a lamination lens 
of the 3rd lens group in the direction of a long conjugation side to a short conjugation side A refractive 
index of a negative lens which forms a lamination lens of the 3rd lens group N3N, A refractive index of a 
positive lens which forms a lamination lens of the 3rd lens group N3P, The Abbe number of a negative 



lens which forms a lamination lens of V3P and the 3rd lens group for the Abbe number of a positive lens 
which forms a lamination lens of the 3rd lens group is set to V3N. With constituting so that conditional 
expression which becomes N3NN3P>0.15V 3PV3N>27 may be satisfied, suitable color correction 
becomes possible, after acquiring a value proper as a refractive index of a lamination lens in the 3rd lens 
group. 

[0018] moreover, a thing for which it is established along with a shorter side of a two-dimensional image 
display element as an optical path is bent or it establishes it about the above-mentioned optical-path 
conversion means along a long side of a two-dimensional image display element which should be put on a 
focal location of the projector lens whole system concerned, as an optical path is bent - for example, it 
becomes possible to change setting out of orientation in a projection display of a projection device 
equipped with the projector lens concerned. 

[0019] moreover, a thing which a mirror which carries out total reflection only of a P wave or the S wave, 
or prism constitutes as an optical-path conversion means - for example, in a projection device equipped 
with the projector lens concerned, it becomes possible to correspond by low cost to a case where a 
configuration treating the flux of fight of plane of polarization of either a P wave or an S wave is taken. 
[0020] Moreover, the 1st lens group which has the aspheric surface while applying to a short conjugation 
side from a long conjugation side and having negative refractive power in order, When the 2nd lens group 
which separates main biggest air spacing among the whole system, and it is made to have positive 
refractive power/is equipped with at least one positive lens, and is formed, and the 3rd lens group which 
has the aspheric surface while having positive refractive power have been arranged It is inserted between 
the 1st lens group and the 2nd lens group, and an optical-path conversion means for changing an optical 
path of the flux of light which should result in the above-mentioned 2nd lens group from the 
above-mentioned 1st lens group is established. BF and a synthetic focal distance of the whole system for a 
back focus at the time of projector distance infinite distance F, A main air spacing of F23, the 
above-mentioned 2nd lens group, and the above-mentioned 3rd lens group is set [ a main air spacing of 
the above-mentioned 1st lens group and the above-mentioned 2nd lens group / a synthetic focal distance 
of GDI and the above-mentioned 1st lens group ] to GD2 for a synthetic focal distance of Fl, the 
above-mentioned 2nd lens group, and the 3rd lens group. 2.8 - < - BF/F3.0<GD1/F< 4.500.40 < 
-F1/F23O.480.40 - < - GD2/F23<0.8 - as the focus control method of a projector lens of satisfying 
conditional expression By moving the 1st lens group along an optical-axis top, we decided to be made to 
adjust a focal location by the side of long conjugation of a projector lens. That is, by adjustment method of 
this invention, focus control of the flux of light which carries out image formation on a screen arranged at 
a long conjugation side, for example by lens group which the flux of light after an optical path was 
changed by optical-path conversion means passes is made to be performed. 
[0021] 

[Embodiment of the Invention] Hereafter, suppose that the projector lens of the gestalt of operation of this 
invention is explained. The projector lens of the gestalt of this operation is explained as that with which 
the projection device of the projection display of the back projection mold which adopted LCD as a 
two-dimensional image display element is equipped. 

[0022] In addition, suppose that subsequent explanation is given in the following order. 

1. Internal Configuration of Configuration 1-1. Whole Configuration 1-2. Projection Device of Projection 

Display (1st Example) 



1-3. Internal Configuration of Projection Device (2nd Example) 
1-4. Internal Configuration of Projection Device (3rd Example) 

2. Arrangement Structure 2-2. Conditional-Expression 2 3. Focus Control 2-4. Numeric-Value Operation 
Gestalt of Configuration 21. Lens of Projector Lens [0023] Etc. 1. whole configuration 11. **** of a 
projection display - explain a whole configuration to the projection display which carries the projection 
device equipped with the projector lens of the gestalt of this operation first, and may be constituted. 
[0024] Drawing 1 (a) and (b) are the side elevation showing an example of such a whole projection display 
configuration, and front view. In the projection indicating equipment 500 shown in these drawings, the 
upsanddowns mirror 504 is formed in the back of the cabinet 501, and the screen 21 of a transparency 
mold is formed in the front face of cabinet 501 **. The ups and downs mirror 504 has the angle which 
reflects the image light on which it was projected from the projection device 502 explained below, and can 
be projected on a screen 504, and is attached. 

[0025] A projection device 502 is carried out as shown in drawing, and it is installed by the bottom in a 
cabinet 501. In the cabinet 503 of a projection device 502, optics, such as the light source mentioned later, 
a dichroic mirror, a liquid crystal panel block, and a dichroic prism (photosynthesis element), are 
arranged, and the flux of light as an image light is acquired by these actuation. The flux of light as an 
image light obtained here is projected with a projector lens 20, and outgoing radiation is carried out as 
incident light 600. Moreover, in the gestalt of this operation, the ups and downs mirror M for changing an 
optical path in the optical path of the lens system which forms a projector lens 20 is arranged. By this, 
with the gestalt of this operation, the flux of fight as an image fight will be bent within a projector lens 20. 
[0026] In such a projection display 500 of structure, as incident fight 600 is irradiated to the 
ups and downs mirror 504, it turns outgoing radiation from a projector lens 20 upward. And the optical 
path will be bent by the ups and downs mirror 504, and the incident fight 600 by which outgoing 
radiation was carried out from the projector lens 20 will be irradiated to a screen 21. The amplification 
image obtained by the incident light on which it was projected from the projector lens 20 will be displayed 
on a screen 21. For example, an appreciation person is made to have a display image appreciated by 
regarding a screen 21 as the projector lens 20 being arranged from the direction of reverse. 
[0027] As it is shown in drawing 1 , the technique of changing an optical path in a projector lens 20 is 
adopted mainly in order to attain the miniaturization of the cabinet 501 of the projection indicating 
equipment 500. He is trying to change upward 90 degrees of optical paths of the flux of light as an image 
light which was got blocked, for example, was obtained within the cabinet 503 of a projection device 502 
when it was the case of drawing 1 in a projector lens 20. Thereby, as cabinet 503 the very thing of a 
projection device 502 is shown in drawing 1 , while a condition common [ every ] (it becomes slanting so 
that drawing 1 (a) may show actually, and incident light 600 may be irradiated by the ups and downs 
mirror 504 proper) is acquired mostly, it enables it to install in it, as the transverse plane (near side in 
which the projection device 502 is attached)/back of a cabinet 503 counter the side of the cabinet 501 of 
the projection indicating equipment 500. Thereby, as compared with the case where an optical path is not 
changed with a projector lens 20, it becomes possible to make small depth D of the cabinet 501 of the 
projection indicating equipment 500. Moreover, since the space of the portion below the screen 21 in the 
cabinet 501 of the projection indicating equipment 500 will also be small and will end, it becomes possible 
[ height H of a cabinet 501 ] to make it small. 

[0028] In addition, as a projection indicating equipment with which this invention may be adopted, it is 



not limited to the configuration shown in above-mentioned drawing 1 , and the installation mode of the 
projection device in the cabinet of a projection indicating equipment etc. may be suitably changed by the 
optical-path conversion direction in the projector lens of a projection device etc. 
[0029] 1-2. Internal Configuration of Projection Device (1st Example) 

Then, the internal configuration of the projection device 502 shown in above-mentioned drawing 1 is 
explained with reference to drawing 2 . Drawing 2 shows the internal structure as the 1st example 
notionally as a projection device 502 which may carry the projector lens of the gestalt of this operation. 
Parts other than screen 21 have a projection device 502 formed here. In addition, although the 
upsanddowns mirror 504 is formed between a projector lens 20 and a screen 21 and an optical path is 
changed by the ups and downs mirror M in a projector lens 20 as structure of a projection display with 
the gestalt of this operation as shown in dr a win g 1 Here, both graphic displays with the ups and downs 
mirror 504 in drawing 2 and the projector lens 20 of the structure corresponding to optical-path 
conversion are omitted for the sake of the convenience for the purpose of explanation of the internal 
configuration of a projection device 502. 

[0030] As a projection device 502 shown in drawing 2 , the lamp 1 as the fight source which consists, for 
example of a metal halide lamp etc. is arranged in the focal location of a reflector 2 (parabolic mirror). The 
light irradiated from the lamp 1 is collimated so that it may be reflected by the reflector 2 and may 
become almost parallel to an optical axis, and outgoing radiation is carried out from opening of a reflector 
2. The unnecessary beam of light of an infrared region and an ultraviolet region will be intercepted by the 
IR-UV cut-off filter 3 among the light by which outgoing radiation was carried out from opening of the 
above-mentioned reflector 2, and it will be led to the various optical elements matched for the latter part 
only with the beam of light effective in a display. 

[0031] The multi-lens array 5 is allotted to the latter part of the IR-UV cut off filter 3 following the 
multi-lens array 4. In this case, he is trying for the multi-lens array 4 to have the flat tip configuration 
arranged in the shape of a hound's-tooth check after two or more convex lenses with the appearance 
which carried out the analog equal to the aspect ratio of the effective opening of each liquid crystal panel 
block which is a fight modulation means to mention later had shifted that phase 1/2, for example. Let the 
multi-lens array 5 be the planoconvex mold with which two or more convex lens 5a is formed in the side 
which counters the convex lens of the above-mentioned multi-lens array 4. It is made to glare [ the flux of 
light which passed the IR-UV cut off filter 3 ] efficiently at the effective opening of the liquid crystal panel 
block later mentioned to homogeneity by arranging these multi-lens array 4 and the multi-lens array 5. 
[0032] Between the multi-lens array 5 and the effective opening of a liquid crystal panel block, in the flux 
of light from a lamp 1, red and in order to decompose green and blue, dichroic mirrors 6 and 10 are 
arranged. The red flux of light R is first reflected with a dichroic mirror 6, and the green flux of light G 
and the blue flux of light B are made to penetrate in the example shown in this drawing. The flux of light 
R of the red reflected with this dichroic mirror 6 can bend 90 degrees of travelling directions by the mirror 
7, and is led to the condenser lens 8 before the liquid crystal panel block 9 for red. 

[0033] On the other hand, the green and blue flux of lights G and B which penetrated the dichroic mirror 
6 will be separated by the dichroic mirror 10. That is, it is reflected, and the green flux of light G can bend 
90 degrees of travelling directions, and is led to the condenser lens 11 in front of the green liquid crystal 
panel 12 of **. And the blue flux of light B penetrates a dichroic mirror 10, goes straight on, and is led to 
the condenser lens 17 in front of the blue liquid crystal panel 18 of ** through a relay lens 13, a mirror 14, 



the relay lens 15 for reversal, and a mirror 16. 

[0034] Thus, red and each green and blue flux of lights R, G, and B pass each condenser lenses 8, 11, and 
17, and incidence is carried out to the liquid crystal panel blocks 9, 12, and 18 for each colors. In the liquid 
crystal panel blocks 9, 12, and 18 of each [ these ] color, while having a liquid crystal panel, the incidence 
side polarizing plate for arranging the polarization direction of the light which carried out incidence to 
the preceding paragraph of a liquid crystal panel in the fixed direction is prepared, respectively. Moreover, 
the so-called analyzer which penetrates only the light which has the predetermined plane of polarization 
of the light which carried out outgoing radiation in the latter part of a liquid crystal panel is arranged, 
and luminous intensity is modulated with the voltage of the circuit which drives liquid crystal. 
[0035] Generally, in order to use the property of dichroic mirrors 6 and 10 effectively, the echo of P plane 
of polarization and the transparency property are used. Therefore, the above-mentioned incidence side 
polarizing plate in each liquid crystal panel blocks 9 and 12 and 18 is arranged so that plane of 
polarization parallel in the space of drawing 1 may be penetrated. Moreover, as for each liquid crystal 
panel which constitutes the liquid crystal panel blocks 9, 12, and 18, TN mold is used, and the actuation 
is constituted as for example, the so-called Nor Marie White mold, and the analyzer is arranged so that a 
polarization light vertical to the space of drawing 1 may be penetrated. 

[0036] And incidence of the flux of light of each color by which light modulation was carried out is carried 
out to each field illustrated in the photosynthesis element (crossing dichroic prism) 19 with the liquid 
crystal panel blocks 9, 12, and 18. The reflective films 19a and 19b are together put to the prism of a 
predetermined configuration, and this photosynthesis element changes. It is reflected by reflective film 
19a, and the blue flux of light B is reflected by reflective film 19b, and incidence of the flux of light R of 
the red in the photosynthesis element 19 is carried out to a projector lens 20. And as the green flux of 
light G goes straight on and penetrates the inside of the photosynthesis element 19, incidence is carried 
out to a projector lens 20. By this, after having been compounded by the one flux of light, incidence of each 
flux of lights R, G, and B will be carried out to a projector lens 20. 

[0037] In a projector lens 20, the flux of light by which incidence was carried out will be changed into 
incident light from the photosynthesis element 19, for example, it will project to the screen 21 of a 
transparency mold. In addition, with the gestalt of this operation, after an optical path is actually 
reflected in a projector lens 20 by the ups and downs mirror 504 which is changed 90 degrees and 
prepared in a projection display the back, projection of the flux of light is performed to a screen 21. 
[0038] 1-3. Internal Configuration of Projection Device (2nd Example) 

Drawing 3 shows notionally the internal structure as the 2nd example of a projection device 502 which 
may carry the projector lens 20 of the gestalt of this operation. In addition, in this drawing, the same sign 
is given to the same portion as drawing 2 , and explanation is omitted. 

[0039] In this case, he reflects the flux of light B by dichroic mirror 6 A of the latter part of the multrlens 
array 5, and is trying to pass the flux of light R and the flux of light G. It is reflected by mirror 7A, and 
further, after the flux of fight B reflected by dichroic mirror 6A passes condenser-lens 8A and light 
modulation is carried out through liquid crystal panel block 9A for blue, incidence of it is carried out to 
photosynthesis element 19A from the direction to illustrate. 

[0040] Incidence of the flux of fight R which passed dichroic mirror 6A, and the flux of light G is carried 
out to dichroic mirror 10A of the latter part. In this case, he reflects the flux of light R and is trying to 
pass the flux of light G in dichroic mirror 10A. After the flux of light R reflected by dichroic mirror 10A 



passes condenser-lens 11A and light modulation is carried out through liquid crystal panel block 12A for 
red, incidence of it is carried out to photosynthesis element 19A from the direction to illustrate. The flux 
of light G which passed dichroic mirror 10A reaches condenser-lens 17A through relay lens 13A, mirror 
14A, relay lens 15for reversal A, and mirror 16A. And after passing condenser-lens 17A and carrying out 
light modulation through liquid crystal panel block 18A for green, incidence is carried out to 
photosynthesis element 19Afrom the direction to illustrate. 

[0041] To the prism of a predetermined configuration, reflective film 19 Aa and 19 Ab are put together, 
and photosynthesis element 19A also changes. Among the flux of lights of each color by which incidence 
was carried out to this photosynthesis element 19A, it is reflected in reflective film 19 A b, and incidence 
of the flux of light B is carried out to a projector lens 20, it is reflected in reflective film 19 A a, and 
incidence of the flux of light G is carried out to a projector lens 20. Moreover, it passes so that 
photosynthesis element 19A may be gone straight on, and incidence of the flux of light R is carried out to 
a projector lens 20. Consequently, each flux of lights R, G, and B will be compounded by the one flux of 
light, and incidence will be carried out to a projector lens 20. 
[0042] 1-4. Internal Configuration of Projection Device (3rd Example) 

Drawing 4 shows notionally the internal structure as the 3rd example of a projection display which may 
carry the projector lens of the gestalt of this operation. In addition, in this drawing, the same sign is given 
to the same portion as drawing 2 and drawing 3 , and explanation is omitted. 

[0043] In this case, he reflects the flux of light G by dichroic mirror 6B, and is trying to pass the flux of 
light R and the flux of light B. After the flux of light G reflected by dichroic mirror 6B minds mirror 7B, 
condenser-lens 8B, and liquid crystal panel block 9B for green, incidence of it is carried out to 
photosynthesis element 19B from the direction to illustrate. 

[0044] The flux of light R is reflected and the flux of light B is made to be passed by incidence of the flux of 
light R which passed dichroic mirror 6B, and the flux of light B being carried out to dichroic mirror 10B. 
Incidence of the flux of light R reflected in this dichroic mirror 10B is carried out to photosynthesis 
element 19B from the direction to illustrate through condenser- lens 11B and liquid crystal panel block 
12B for red. Incidence of the flux of light B which passed dichroic mirror 10B is carried out to 
photosynthesis element 19B from the direction to illustrate through relay lens 13B, mirror 14B, relay 
lens 15for reversal B, mirror 16B, condenser-lens 17B, and liquid crystal panel block 18B for blue one by 
one. 

[0045] To the prism of a predetermined configuration, reflective film 19 Ba and 19 Bb are put together, 
and photosynthesis element 19B also changes. Here, among the flux of lights of each color by which 
incidence was carried out to photosynthesis element 19B, the flux of light G will be reflected in reflective 
film 19 Ba, the flux of light B is reflected in reflective film 19 B b, it is passing so that photosynthesis 
element 19B's may be gone straight on, and incidence will be carried out [ the flux of light R turns into the 
one flux of light, and ] to a projector lens 20. 

[0046] As mentioned above, although three examples were given and the projection device as a gestalt of 
this operation was explained, these are examples to the last and, otherwise, are various idea **** things 
as an internal configuration of the projection display which may carry the projector lens of the gestalt of 
this operation. 

[0047] 2. Explain the projector lens as the arrangement structure of the configuration 21. lens of a 
projector lens, then a gestalt of this operation. Here, suppose that it explains as a projector lens of the 



gestalt of operation of this invention after mentioning the 1st, the 2nd, and the gestalt of the 3rd 
operation. The projector lens as a gestalt of these [ 1st ] - the 3rd operation is adopted as a projector lens 
20 in the projection display shown in above-mentioned drawing 1 - drawing 3 . 

[0048] First, lens structure common to the projector lens 20 as a gestalt of the 1st - the 3rd operation is 
explained with reference to dra r wing 5 . Drawing § is the lens cross section showing notionally the 1st, the 
2nd, and the arrangement structure of the lens of the projector lens 20 as a gestalt of the 3rd operation. In 
these drawings, the upper left side (on a meniscus lens 101) of drawing is made into a screen 21 side (long 
conjugation side), and right ^and side is made into a liquid crystal panel block and photosynthesis 
element side (short conjugation side). 

[0049] As a projector lens 20 shown in this drawing, it applies to a short conjugation side from a long 
conjugation side, and the 1st lens group 100, the 2nd lens group 200, and the 3rd lens group 300 are 
arranged in order, and change. And the upsanddowns mirror M is formed to between the 1st lens group 
100 and the 2nd lens group 200. 

[0050] In this case, the 1st lens group 100 is applied to a short conjugation side from a long conjugation 
side, shall be equipped with the meniscus lens 101 which has a convex configuration in a long conjugation 
side, and the concave lens 102 which has a concave configuration in a short conjugation side, and shall 
change, and it is made to have negative refractive power by this. Moreover, both sides of the 
above-mentioned meniscus lens 101 shall have the aspheric surface according to the aspheric surface 
coefficient in the numerical operation gestalt shown later. 

[0051] Moreover, he is trying to be obtained by the 2nd lens group 200 being formed with one positive lens 
201 here in positive refractive power. After making it obtained by satisfying the necessary conditional 
expression mentioned later, for example only in the distance which can arrange the ups and downs 
mirror M as an air gap of this 2nd lens group 200 and the above-mentioned 1st lens group, it consists of 
gestalten of this operation so that the necessary engine performance as a projector lens may be obtained. 
[0052] It is made for the 3rd lens group 300 to have refractive power positive because the meniscus lens 
305 of a convex is arranged as shown in drawing, and it changes from a long conjugation side to a short 
lamination lens 301, positive lens 304, and conjugation side. Here, it applies to a short conjugation side 
from a long conjugation side, and a biconcave lens (negative lens) 302 and a positive lens 302 are 
arranged, and as the above-mentioned lamination lens 301 sticks the convex of these biconcave lenses 302 
and a positive lens 303 and is set, it is formed. Moreover, a meniscus lens 305 has the aspheric surface 
shown according to the numerical operation gestalt shown later to the both sides. 

[0053] In addition, in this drawing, although the photosynthesis element and the liquid crystal panel 
block are shown in the short conjugation side of the above-mentioned 3rd lens group, a photosynthesis 
element and a liquid crystal panel block here only show notionally that an incident light side has a 
photosynthesis element and a liquid crystal panel block as physical relationship over a projector lens. 
That is, if the photosynthesis element and liquid crystal panel block which are shown in this drawing are 
made to correspond to drawing 2 , the photosynthesis element 19 and the liquid crystal panel block (9, 12, 
18) will be shown here. Similarly, if it is made to correspond to drawing 3 or drawing 4 , photosynthesis 
element 19A and liquid crystal panel block (A [ 9 ],A [ 12 ], 18A), or photosynthesis element 19B and a 
liquid crystal panel block (9B, 12B, 18B) will be shown. 

[0054] The ups and downs mirror M is formed in order to carry out incidence to the 1st lens group 100, 
after reflecting the flux of light from the 2nd lens group 200 and changing an optical path. It becomes 



possible to attain the miniaturization of the cabinet of a projection indicating equipment by carrying out 
like this, as drawing 1 explained. 

[0055] Although the upsand-downs mirror M is arranged in a projector lens 20 as it changes 90 degrees 
of optical paths of the flux of light from the 2nd lens group 200, it can be considered that two technique 
describes the optical path of the flux of light from the 2nd lens group 200 below in changing 90 degrees 
here. 

[0056] For example, let the viewing area of a liquid crystal panel block be the rectangle which has the 
long side and shorter side of a couple, respectively corresponding to the aspect ratio of an image. Then, 
when based on a liquid crystal panel block in the ups-anddowns mirror M performing optical-path 
conversion, the technique of changing 90 degrees of optical paths along the direction of a long side of a 
liquid crystal panel block and the technique of changing 90 degrees of optical paths along the direction of 
a shorter side can be considered. For example, if the configuration to which drawing 5 transforms 90 
degrees of optical paths along the direction of a long side of a liquid crystal panel block is taken noting 
that this is made to correspond to drawing 5 , the side side (cross- section section) of the liquid crystal 
panel block shown in this drawing will be made into a long side. On the contrary, if the configuration to 
which drawing 5 transforms 90 degrees of optical paths along the direction of a shorter side of a liquid 
crystal panel block is taken, the side side (cross-section section) of the liquid crystal panel block shown in 
this drawing turns into a shorter side. 

[0057] It is more advantageous to perform optical-path conversion along the direction of a long side of a 
liquid crystal panel block, when the configuration of the projection indicating equipment by the 
configuration of drawing 1 is followed although it was possible to, have attained the miniaturization of 
the cabinet of a projection indicating equipment for example, even if it changed the optical path as a 
gestalt of this operation along which direction of the long side of a liquid crystal panel block and a shorter 
side. This depends on the following reasons. 

[0058] First, it is further reflected by the upsanddowns mirror 504 prepared in the cabinet 501 of a 
projection indicating equipment, an optical path is changed, and the flux of light of the modulation image 
light which carried out incidence to the projector lens 20 from the liquid crystal panel block in the case of 
the gestalt of this operation is projected by the screen 21, after being reflected by the ups-anddowns 
mirror M in a projector lens 20 and changing an optical path. Thus, although the modulation image fight 
from a liquid crystal panel block is projected on a screen through two mirrors which have physical 
relationship as shown in drawing 1 , in a process until it results [ from a liquid crystal panel block ] in a 
screen 21, 90 degrees of images will rotate in this case. 

[0059] Therefore, in the cabinet 503 of a projection device 502, a liquid crystal panel block is arranged, as 
the direction of a long side (horizontal as an image) turns into a lengthwise direction. Thereby, an image 
is eventually displayed on a screen 21 in the proper condition that the direction of an image long side 
becomes horizontal. Moreover, in connection with this, the various optical elements which form other 
projection devices 502 will also be arranged, as the direction of a long side turns into a lengthwise 
direction. 

[0060] Then, 90 degrees of optical paths of the flux of light are changed along this direction of a long side 
to the cabinet 503 arranged as a gestalt of this operation as the liquid crystal panel block and the 
direction of a long side of other optical elements turned into a lengthwise direction as mentioned above. In 
this case, as it is shown in drawing 1 as a result, conversion of an optical path is performed. That is, to the 



cabinet 503 of a projection device 502, as it becomes facing up, an optical path will be changed. 
[0061] Here, as the direction of a long side of component parts, such as a liquid crystal panel block and 
other optical elements, turned into a lengthwise direction, when it has been arranged as a projection 
device 502, since it is made for a shorter side to serve as a longitudinal direction, as compared with the 
case where it has been arranged so that the direction of a shorter side of each component part may turn 
into a lengthwise direction, it becomes easy to make small width of face W of the cabinet 503 of a 
projection device 502. Moreover, it also becomes possible to miniaturize each configuration part itself 
depending on arrangement of each internal configuration part. Thus, it becomes possible to promote 
further the miniaturization (especially cutback of depth) of the projection display 500 because the 
miniaturization of the cabinet 503 of a projection device 502 becomes more advantageous. 
[0062] In addition, as a means to change an optical path in a projector lens 20, although the configuration 
of mirrors, such as the above-mentioned upsand-downs mirror M, is taken, adopting others, for example, 
prism etc., is also considered. Moreover, as a light used actually, when carrying out like the gestalt of this 
operation and using a liquid crystal panel block as a projection device, only the polarization direction of 
either an S wave or a P wave is used as known well. Then, when performing coating for acquiring the 
fight reflex effect to the ups-and-downs mirror M and prism which change an optical path in a projector 
lens 20 is considered, what is necessary will be just to perform coating corresponding to the plane of 
polarization of the flux of light by which outgoing radiation is eventually carried out from a 
photosynthesis element (19, 19A, 19B), as it has a reflection factor high only about the polarization 
direction of either an S wave or a P wave. Conversely, if it says, it is not necessary to necessarily take the 
configuration which can carry out total reflection of both S wave and P wave as an optical-path conversion 
means of the gestalt of this operation, and it will also become possible to aim at reduction of cost so much. 
[0063] 2-2. In the projector lens 20 as a gestalt of the 3rd operation, the 1st by the conditional-expression 
above-mentioned configuration - conditional-expression [ which is shown below ] (l) - (ll) are filled. 
[0064] the back focus at the time of projector distance infinite distance - BF and the synthetic focal 
distance of the whole system - the main air spacing of F, the 1st lens group 100, and the 2nd lens group 
200 - the synthetic focal distance of GDI and the 1st lens group 100 - the synthetic focal distance of Fl, 
the 2nd lens group 200, and the 3rd lens group 300 - the main air spacing of F23, the 2nd lens group 200, 
and the 3rd lens group 300 - GD2 - carrying out - 2.8<BF/F ... (l) 
3.0<GD1/F< 4.50... (2) 
0.40<-Fl/F23<0.48 ... (3) 
0.40<GD2/F23<0.8 ... (4) 

[0065] The synthetic focal distance of the 3rd lens group 300 The synthetic focal distance of the positive 
lens 304 of F31 and the 3rd lens group 300 for the synthetic focal distance of the lamination lens 301 of F3 
and the 3rd lens group 300 the synthetic focal distance of the positive lens 304 and aspheric lens 
(meniscus lens 305) of FP32 and the 3rd lens group 300 It is 1.00< F31/F3<2.50 as a synthetic focal 
distance FP33 of the aspheric lens (meniscus lens 305) of F32 and the 3rd lens group 300... (5) 
0.9<FP32/F3<1.40 ... (6) 
2.00<FP33/F32 ... (7) 

[0066] The refractive index of the negative lens (biconcave lens 302) which forms the lamination lens 301 
of the 3rd lens group 300 N3N, The refractive index of the positive lens 303 which forms the lamination 
lens 301 of the 3rd lens group 300 N3P, It is N3 N-N3P>0.15, using as V3N the Abbe number of the 



negative lens (biconcave lens 302) which forms the lamination lens of V3P and the 3rd lens group 300 for 
the Abbe number of the positive lens 303 which forms the lamination lens 301 of the 3rd lens group 300 
(8) 

V3PV3N>27... (9) 

[0067] Then, the above-mentioned monograph affair type is explained. For example, since it is necessary 
to use optical elements, such as a dichroic mirror for color composition, and a dichroic prism, so that the 
configuration shown in drawing 2 - drawing 4 may also show as a projector lens of a projection display, a 
long back focus is required. Here, since it is the need to obtain a big screen with short projector distance 
in order to make it small, the magnitude, i.e., the case size, of a projection display, it will constitute so 
that the field angle of a projector lens 20 may become large. 

[0068] For this reason, the large field angle of a projector lens 20 shall be taken by satisfying conditional 
expression (1) in the gestalt of this operation. Here, if the minimum of conditional expression (l) is 
exceeded, the space of a color composition system will be lost. 

[0069] Conditional expression (2) becomes [ if the space containing a mirror or prism will be lost if the 
space which can arrange the upsanddowns mirrors M as an optical-path conversion means (or prism 
etc.) in a projector lens 20 is specified to between the 1st lens group 100 2nd lens groups 200 and a lower 
limit is exceeded, and a upper limit is exceeded, a lens overall length will become long, or / the path of the 
1st lens group ] large and is not desirable. 

[0070] By conditional expression (3), in order to make it the configuration of a reverse looking-far mold, 
the ratio of the synthetic focal distance of the 1st lens group 100 and the 2nd lens group 200 and the 
synthetic focal distance of the 2nd lens group 200 and the 3rd lens group 300 is specified. Let this 
condition be a thing for keeping good the magnitude of the lens whole system, a back focus, and 
optical-character ability. Since the configuration of a reverse looking-far mold will become weak if the 
magnitude of the projector lens whole system, a back focus, and optical-character ability are kept good 
and exceed the upper limit of conditional expression (3) conversely when this conditional expression (3) is 
satisfied, it becomes [ a lens overall length becomes long or / the diameter of a lens of the 1st lens group 
100 ] large and is not desirable, if it becomes difficult to maintain a back focus and it dares lengthen. 
Moreover, if the lower limit of conditional expression (3) is exceeded, the refractive power of the 1st lens 
group 100 will become strong, a curvature of field and distortion aberration occur and amending becomes 
difficult. 

[0071] Moreover, conditional expression (4) is the conditions for maintaining at a liquid crystal panel side 
the TERESEN rucksack nature of the chief ray outside a shaft which carries out incidence by taking the 
main large air spacing of the 2nd lens group 200 and the 3rd lens group 300, and lengthening a back focus 
by holding the height of the paraxial ray injected from the 2nd lens group 200, and injecting the chief ray 
outside a shaft in the high location of the 3rd lens group 300. Here, it becomes [ many aberration 
including spherical aberration occurs and / amending ] difficult and is not desirable if the upper limit of 
conditional expression (4) is exceeded. When the lower limit of conditional expression (5) is exceeded, it 
becomes impossible moreover, for a back focus to become shorter than necessary, or to maintain tele cent 
rucksack nature. 

[0072] Conditional expression (5), (6), and (7) show arrangement of the lens of the good condition of the 
aberration amendment besides the shaft by the 2nd lens group 200 and the 3rd lens group 300, and the 
balance of a focal distance. In the 1st lens group 100, each axial outdoor daylight bunch passes the portion 



from which a lens differs, and changes the condition of refraction of a beam of light according to the 
curved surface where it changes little by little for every flux of light with aspheric lenses. Most, it passes 
through the lens side of the 2nd lens group 200 where from the axial Uemitsu line to the axial outdoor 
daylight bunch of near the lens by the side of a liquid crystal panel block (short conjugation side) is almost 
the same, and is injected by the 3rd lens group 300. The lens (positive lens 201) of the 2nd lens group 200 
enables it to lead a beam of light to the lamination lens 301 in the 3rd lens group 300. And chromatic 
aberration is amended by using materials, such as glass with which it is satisfied of conditional 
expression (8) and (9) here, for a lens. 

[0073] Conditional expression (6) shows the balance of the refractive power of the positive lens 303 in the 
3rd lens group 300. If the upper limit of this conditional expression (6) is exceeded, since the refractive 
power of a positive lens 303 becomes weaker, this is covered and a burden will be placed on other positive 
lenses in the 1st - the 3rd lens group, optical-character ability gets worse. Moreover, if the lower limit of 
conditional expression (6) is exceeded, refractive power will become strong too much, for example, the lens 
thickness of a positive lens 303 becomes large, or it becomes the inclination whose lens circumference 
thickness is lost, and processing of a lens becomes difficult. 

[0074] Conditional expression (7) is the balance of the refractive power of the aspheric lens in the 3rd lens 
group 300 (meniscus lens 305). Since the refractive power of an aspheric lens (meniscus lens 305) becomes 
strong too much and the directions of a curve differ on the outskirts of a lens center and the outskirts of 
this lens when the lower limit of conditional expression (7) is exceeded, it becomes difficult to process it. 
[0075] Conditional expression (5) shows the refractive power of the positive lens 303 in the lamination 
lens 301 in the 3rd lens group 300, and the suitable color correction of it becomes possible by using the 
glass which fills conditional expression (8) and (9). If the upper limit of conditional expression (5) is 
exceeded, refractive power of the negative lens in the lamination lens 301 (biconcave lens 302) must be 
strengthened, and distribution of a color will become strong if it dares carry out. On the contrary, if the 
lower limit of conditional expression (5) is exceeded, the refractive power of the negative lens in the 
lamination lens 301 (biconcave lens 302) will be weakened, and chromatic aberration will serve as lack of 
amendment as a result. 

[0076] 2-3. Explain focus control, then the focus control of the projector lens 20 of the gestalt of this 
operation. For example, in the projection display which takes a configuration as shown in drawing 1 , it is 
necessary to perform focus control so that the incident light on which it was projected from the projector 
lens 20 of a projection device 502 may carry out image formation on a screen 21. However, as previously 
described also as a conventional example, it turns out that in the case of the projection display which 
takes the configuration which changes an optical path within a projector lens the image center on a 
screen will shift if the so-called whole delivery method is adopted as a method of focus control. 
[0077] So, the gestalt of this operation is made to perform focus control in the lens system from which the 
flux of light after the optical path was changed is acquired. That is, it is made to perform focus control by 
making it move in accordance with an optical axis OA (to refer to drawing B ) only about the 1st lens 
group 100. In other words, focus control here can be called activity adjusted so that a proper value may be 
acquired about the distance Lf between vertical fields to the end face of the concave lens 102 which is in 
the shortest conjugation side in the 1st lens group 100, and the optical axis OA which passes along the 
upside edge of drawing to the ups and downs mirror M as shown in drawing 5 . 

[0078] Thus, by performing focus control, when a whole delivery method is adopted, after suppressing 



phenomena, such as a gap of the image center on a common screen, a good focus condition can be acquired. 
[0079] 2-4. Each lens structure corresponding to numerical operation gestalten given to the projector lens 
20 as a gestalt of the 1st - the 3rd operation here, such as a numerical operation gestalt, is shown in 
drawing 6 , drawing 7 , and drawing 8 . In addition, in these drawings, the same sign is given to the same 
portion as drawing 5 . Moreover, in these drawings, only the lens structure corresponding to a numerical 
operation gestalt is shown, and the graphic display of the upsanddowns mirror M allotted between the 
1st lens group 100 2nd lens groups 200 is shown in the condition of not bending the optical path of the 
flux of light supposed that each lens group is passed for convenience here, either while omitting it. About 
the lens structure as a gestalt of each operation here, since drawing 5 explained, the explanation about 
each drawing of drawing 6 , drawing 7 , and drawing 8 is omitted here. 

[0080] Moreover, drawing 9 , drawing 10 , and drawing 11 show the numerical operation gestalt 
corresponding to the gestalt of the 1st - the 3rd operation, i.e., drawing 6 , drawing 7 , and drawing 8 , 
respectively. In these drawings, the field number of the lens side which counted m from the screen 21 side 
Gong conjugation side), and ri are counted from a screen side, in the ith radius of curvature and di, the 
i th lens spacing and ni show the i th refractive index, and vi shows the i th Abbe number. In addition, as 
drawing 9 , drawing 10 , and a lens spacing in each drawing of drawing 11 , the case where a whole 
delivery method is taken as a focus control method, and the case where the method (each drawing is 
describing "the 1st group delivery") to which only the 1st lens group 100 mentioned above is moved in 
accordance with an optical axis is taken are shown. 

[0081] Moreover, the field configuration as the aspheric surface (the 1st page, the 2nd page, the 12th page, 
and the 13th page) is [Equation l], when making main radius of curvature and K into cone constant A4 
and making A6, A8, and A10 into the 4th aspheric surface coefficient [ 6th / 8th / 10th ] for r in the 
rectangular coordinate system (X, Y, Z) which made the center of a field the zero and set the direction of 
an optical axis to Z, respectively 

Z- , <*'"■> + ±A 2l -»* 

h = V X 2 + Y 2 



It shall come out and shall be expressed by the formula shown. 

[0082] Moreover, each of drawing 12 , drawing 13 , drawing 14 , drawing 15 , drawing 16 , and drawing 17 
compares and shows by the case where a whole delivery method is taken for the spherical aberration 
about the projector lens 20 of the gestalt of the 1st - the 3rd operation, astigmatism, and distortion 
aberration as a focus control method, and the case where the method (the 1st lens group delivery method) 
to which only the 1st lens group 100 which mentioned above is moved in accordance with an optical axis is 
taken. In addition, although not shown in a numerical operation gestalt in obtaining the result shown in 
many aberration drawings showing in each [ these ] drawing, it is calculating as a photosynthesis 
element 19 (19A, 19B) by putting in a plane-parallel plate with a longitudinal plane of symmetry gap of 
35mm (a refractive index n= 1.51633, Abbe number nu= 64.0). 

[0083] In addition, the actual structure of the projector lens as a gestalt of the above 1st - the 3rd 
implementation is not limited to what was shown in drawing 5 and drawing 6 - drawing 8 , and as long as 



the conditional expression explained until now is filled, the lens number of sheets which forms each lens 
group may have modification. Moreover, in the gestalt of the above-mentioned implementation, in the 
projection display of a back projection mold, although the projector lens of this invention was explained as 
that with which the projection device which used the liquid crystal panel as a 2-dimensional image 
display element is equipped, it is not limited to this and application of it is enabled at the projector lens 
for projection TV which used the photographic lens of the wide angle system for single-lens reflex cameras, 
and CRT. 
[0084] 

[Effect of the Invention] As explained above, the following effects can be acquired in this invention. First, 
by invention according to claim 1, the long wide angle lens of a back focus which is needed as a projector 
lens equipped with the optical-path conversion means when a projector lens is used for example, for a 
projection indicating equipment can be formed, and the lens configuration of a reverse looking-far mold 
can be obtained. That is, a big screen can be obtained as it is also at short projector distance. 
[0085] Moreover, while the amendment condition of many good aberration is acquired by specifying the 
balance of the refractive power of the positive lens which forms the lamination lens in the 3rd lens group, 
the balance of the refractive power of the positive lens in the 3rd lens group, and the balance of the 
refractive power of the aspheric lens in the 3rd lens group by invention according to claim 2, the ease of 
processing of each lens is also secured. 

[0086] Moreover, suitable color correction will be made possible, after acquiring a value proper as a 
refractive index of the lamination lens in the 3rd lens group by invention according to claim 3. 
[0087] Moreover, it is establishing it as an optical-path conversion means, like invention indicated to 
claim 4 or claim 5, along with the long side of the two-dimensional image display element which should be 
put on the focal location of the projector lens whole system, or a shorter side, as an optical path's is bent, 
and it becomes possible to attain the miniaturization of the case size of the projection display equipped 
with the projector lens of this invention as a result. 

[0088] Moreover, although the mirror or prism with which only a P wave or an S wave carries out total 
reflection of the optical-path conversion means constitutes from invention indicated to claim 6 or claim 7, 
when the plane of polarization of the any 1 direction of a P wave or an S wave is used in the optical system 
of the projection device equipped with the projector lens concerned, there is no need of taking the 
configuration which dares carry out total reflection corresponding to the plane of polarization of both a P 
wave and an S wave, for example. Therefore, it becomes possible to aim at the cutback of cost so much by 
applying invention indicated to claim 6 or claim 7 in such a case. 

[0089] That is, the projector lens by which projector distance is short at a wide angle, and a back focus is 
long, has tele cent rucksack nature, and could be projected by high contrast by invention indicated to each 
old claim at the projection device especially using a liquid crystal panel, and there was little aberration, 
such as distortion aberration, including many, and it was made further and which performs optical-path 
conversion inside is realized. And when the projector lens of this invention is applied to the projection 
device which used the liquid crystal panel as a 2-dimensional image display element, for example and a 
projection display is constituted, while the thin thing by which depth etc. was made small so much is 
obtained, good image quality will also be expected. 

[0090] Moreover, according to invention according to claim 8, focus control is made to be performed by 
moving the 1st lens group along the direction of an optical axis. That is, a focus control activity can be 



easily done like [ at the time of adopting the so-called whole delivery method ], for example, without 
causing the phenomenon in which the image center on a screen shifts because it is made to perform focus 
control of the flux of light which carries out image formation on a screen by the lens group which the flux 
of light after the optical path was changed by the optical-path conversion means passes. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll It is drawing showing the projection display whole configuration equipped with the projector 
lens of the gestalt of operation of this invention. 

{Drawing 2] It is drawing showing the configuration (the 1st example) of the projection device equipped 
with the projector lens of the gestalt of operation of this invention. 

[Drawing 31 It is drawing showing the configuration (the 2nd example) of the projection device equipped 
with the projector lens of the gestalt of operation of this invention. 

[Drawing 4] It is drawing showing the configuration (the 3rd example) of the projection device equipped 
with the projector lens of the gestalt of operation of this invention. 

[Drawing 51 It is the lens cross section showing the example of structure of the projector lens which 
becomes common to the gestalt of the 1st - the 3rd operation. 

[Drawing 6l It is the lens cross section showing the example of structure of the projector lens as a gestalt 
of the 1st operation. 

[Drawing 7] It is the lens cross section showing the example of structure of the projector lens as a gestalt 
of the 2nd operation. 

[Drawing 3l It is the lens cross section showing the example of structure of the projector lens as a gestalt 
of the 3rd operation. 

[Drawing $] It is drawing showing the numerical operation gestalt of the projector lens as a gestalt of the 
1st operation. 

[Drawing 1Q1 It is drawing showing the numerical operation gestalt of the projector lens as a gestalt of 
the 2nd operation. 

[Drawing 111 It is drawing showing the numerical operation gestalt of the projector lens as a gestalt of the 
3rd operation. 

[Drawing 12l It is aberration drawing showing the spherical aberration, the astigmatism, and distortion 
aberration of a projector lens in the case of taking a whole delivery method as a gestalt of the 1st 
operation. 

[Drawing 131 It is aberration drawing showing the spherical aberration, the astigmatism, and distortion 
aberration of a projector lens in the case of taking the 1st lens group delivery method as a gestalt of the 
1st operation. 

[Drawing 14] , It is aberration drawing showing the spherical aberration, the astigmatism, and distortion 
aberration of a projector lens in the case of taking a whole delivery method as a gestalt of the 2nd 



operation. 

[Drawing 15] It is aberration drawing showing the spherical aberration, the astigmatism, and distortion 
aberration of a projector lens in the case of taking the 1st lens group delivery method as a gestalt of the 
2nd operation. 

[Drawing 16] It is aberration drawing showing the spherical aberration, the astigmatism, and distortion 
aberration of a projector lens in the case of taking a whole delivery method as a gestalt of the 3rd 
operation. 

[Dra,wing 17] It is aberration drawing showing the spherical aberration, the astigmatism, and distortion 
aberration of a projector lens in the case of taking the 1st lens group delivery method as a gestalt of the 
3rd operation. 
[Description of Notations] 

1 Lamp, 2 Reflector, 3 IR UV Cut off Filter, 4 Five A multi-lens array, 6, 6A, 6B Dichroic mirror, 7, 7A, 7B 
A mirror, 8, 8A, 8B Condenser lens, 9, 9A, 9B A liquid crystal panel block, 10, 10A, 10B Dichroic mirror, 11, 
11A, 11B condenser lens, 12, 12A, 12B Liquid crystal panel block, 13, 13A, 13B A relay lens, 14, 14A, 14B 
Mirror, 15, 15A, 15B The relay lens for reversal, 16, 16A, 16B Mirror, 17, 17A, 17B A condenser lens, 18, 
18A, 18B Liquid crystal panel block, 19, 19A, 19B A photosynthesis element, 19a and 19b, 19 A a, 19 Ab, 
19 B-a, 19 B b Reflective film 20 Projector lens, 21 A screen, the 100 1st lens groups, and 101 Meniscus 
lens, 102 A concave lens, 200 The 2nd lens group, 201 Positive lens, 300 The 3rd lens group, 301 A 
lamination lens, 302 Biconcave lens, 303 A positive lens, 304 A positive lens, 305 Meniscus lens, A 500 
projection indicating equipment, 501 A cabinet, 502 A projection device, 503 A cabinet, 504 A screen, 504 
An ups-and downs mirror, 600 Incident light, M Ups and downs mirror, 



[Translation done.] 
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^X©T .x^SrV3 P, ^3UyXgOii!)^-a-U 
VX$rB^-f-5A^yX<^T3"<®:SrV3Ni: LT S 
N3N-N3P>0. 15 
V3 P-V3N> 2 7 

?£?>0ittt*ffi&-tZ>J:otemf&.-t-5ZbX, Maw 
[0 0 18J ±iEtt8g£i&3MS:Ko^-c, 

m*<o&miz®^xyt&*m v mtr a j: s k utbn* 

5, Xtt2^7EPj^*^ J f-wMjaJr?SoT^iKSrJT9 

[0 0 19J ftSg|£ifc3M£i: LT, PgnfcfcfiS 

^^SIt^vXSrffif^fcK#t^«Jc 
*51^T, P)S*7tttSi6cD^5m^-*W<S)tffiW)fcSS: 

[00203 nit, &\,^&wfrbm\,^'&wict>>nx 

AcDJSgf^Sr^ri-5t*^^ffiSr#-f-501 u 
©«Jf* J; 5 K: £*v>& < h t> 1 #;wiE u- yX 

5i:*t^I^tt5f 3 l^>-X^t5rgEBLfc5^ 
^ f 1 UyXS¥t^2 UVX«fi(DraiCifA$nT, 
±E»1 u-vXi¥^b±IBm2 UVXi¥(ciiJ5-<#)t* 

^ffiWPSSrGD 1, ±f5f?l u^XSfco-a-^.^ggfi 
=lrF 1 % ±fH^2 UVX^Ot^3 U>-X»©-&^^ 
SEftSrF2 3, ±ISM2 UVXl¥t±iam3 wyXi^t 
WP'C^^tSWPSSrGD 2 i: LT, 

2. 8<BF/F 

3. 0<GD1/F<4. 50 

0. 40<-Fl/F23<0. 48 
0. 4 0 <GD 2/F 2 3 < 0. 8 

x. mi ^xm*%m.k.\zm^x®mis j Q:x^< 

i-<ti9> SltU'VXofti/^SflUro^^'&Bco^SSrfi 1 
J§-t-5^>-X^^J;t), «?Ltfftv^«fl!lk:E«4Jxfc 
[0 0 2 1 J 
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(5) 

7 

mw<omm<DMm} sir. #»«©s^©»tt©»at 

10 0 2 2] J^j^WlftBJf±^CDjlH^T-tT5 r b t 

1. ^yx^-> 3 V^gt©« 

1-1. ±fcffi& 

1-2. S^Scortgpif^ 0*101) >o 

i-3. mtm&*>ftmmf& (i2W) 

1- 4. &*ti£S<D(*|g|S«/& (f 3» 

2. 8lfl-VX©#?/& 

2- i. ^>-x<Dwmmm 

2-2. 

2-3. ^^PS 
2-4. fclSHJfc^fig^ 

[0 0 2 3] i. /D^i^-> 3 y^|ro^ 

i-i. ±wm& 

m LXffirfL y -> 3 v^^B^^flcfil 

[0 0 2 4] HI (a) (b) 14, ^<DX 5^d^ x 

y->3 >-*^g©^wt^cD— MSr^-rfiiiffiia, so* 

^B5 0 0T?f4 > -^CD3r^ fc'^y l> 5 0 1 ©Wffif-*^ 
T*ST?7-5 0 4*5^tte,tl^ ^t^?h5 
0 1 cDcomiS(c{4, Bt^Mox? V— V2 l^«t^tu 
5, fttfr? 7-5 0 414. ^{C|ft^-r5SjtiSB5 0 2 
^6^lt$tufeM^3t5rSttbT^.^ y— V5 0 4 (eg so 

[0 0 2 5] &ltgB5 0 2tt. G3(D4 5 l£ LT3f -Y t* 
* y h- 5 0 irtfcfevvc. ^OTffilHctSB^So 
3£fi5 0 2©df^fc*^j/ h 5 0 3rt(C(4, mfrf%>% 

U^X2 OfCj;iJg#t$HT, SW3fe6 0 Ob LTttilt 
0£^/&^3u>-X^©ftS&f*H:::fcv>T, ftSSfc^mi- 
l£<0JKflg-T?»4. H^3ti: LTW)t^s«itW'>'X2 Ort 
[0 0 2 6] :oj:5ifciio/D?;x^«>B 

B5 0 0Tf4. fttt)t6 0 0f4. ftifrS7-5 0 4K*t 
L-CHBg*£*V.3 4 ±|6j^(zlSttU'VX2 Ofr 

bmm&tlZo ^LT> !S#t^>'X2 0*^(±$#t^tvfe 
&*bfc6 0 014*^5 7 — 5 0 4{CT-e<D3fcggasifT9 ft 

«f b;ftT. y-^2 l K#LTfllt£;ft.5r so 



5o y-^2 1 left. &3tu>'X2 oa»b&tt£ix 

-5, 0iJ^.«^#f4, &ttUVX2 0*SKB$tuTV5 
Otf4S*|-0^(6]d^^^ y-V2 1 SrJLSn tc±o 
T. *^@i&=SH&Jtt-.5 4 5K$;}x-5o 
[00 2 7] BllK^-r4 5l£LT, KltHO^ OK 
*5^T3t8SSr^m-r5i:l/^#i£f4, ±tU, 7°nv> 
31 ^ ~> 3 >-^^^fi 5 0 0©#f tf^ yh501 W/J^ 

El 1 <0*&"?*>tLfif « Stt3SB5 0 2 CD^-v IT* y h 5 
O 3ft\zxnt>i%tz.mi&ltb LT<03fc3fEtf>3t8g£, a* 
UV-X2 0^fc^T±rpI#»i9 0 s ^tfcLT-^34 5 
LTI/^o ^HfC4i?. SitSB5 0 2cD^r^t*^y h 
5 0 3g#f4. EltC^$tl-5 4 5{i, fil3f¥fi# (31 
^f4HIl (a) ^fe^5 4 5»C, ftiFf5^-5 0 4 

HXEfciftJtjfee o otfSMtt£ 4 5 ££;*,) 

T'n -^x ^ g yS,Tgf 5 0 0 1 1^^ y h 
5 0 1 (DWmzttft-fz 4 5 ic LT^B-t-5 r b iraim 
^H{c4«3. 0^4t)3t 

815 0 OeDdr-vt'^y h5 0 1 <DMt #DSr/>$ < -f 

5 0 0©^f^s/ h50 1 l;*3(t5^^y->2 1 4 

^^fc'^ y h 5 0 lcoffi$Ht,/jN$<i-5r i^s^T 
mbt£Z>h<DXhZ> c 
[00 2 8] )fe4b\ $tu#^7°n *? x ? i, 

* t** y Krt {C *J »t 5 S#t^B W^fi^«i^ t> . &#t 

$ tvT« V ^ t> © X& 5 0 
[00 2 9] 1-2. ^«8B(Orta5«^ (|g 109) 

m^x. ±mm 1 1-^ i^tc^ms 502 ©rtasitj^tc 

ov^T, E!2S:#W.LTlji^i-5 t> 0 2f4 x &mM<»M 
«g©IS*WXSr^«L#5SltSB5 02iU> JB 

14, ^ y y - V 2 1 Uf"r<n>&tiL&®L*$mW 5 0 2 Sr^fig 

Lfc4 5l-, yciyx^ygy^gf©«It LT, 
S#tu->'X2 Oir^y y->-2 1 b Wffflf-fttfr $ 7- 5 
0 4^Jte>n, SI*UVX2 OrttJl*5^Tft5T 

5 7-Mt^4oT)tgS^lfe$ixSOT?fc5*S. ::T? 
14. a*f^B5 0 2<Ortg|5fflf^(DSiP^Sr±ISi:i-sa5-a- 
±, El2tctD(t5ftST$y-5 0 4t, JtKXKHcWiS 

•rs«i3t<ogitp->'X2 o b(Dmm*mzGm^x\,^ 

5. 

[0 0 3 0] El 2 tC^-rSftigfi 5 0 2 b LT14, 0ij^ 
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9 

[00 3 1] I R-UVA y h7-f/V^ 3<£>^£&{Cfi:, 

4© ( 0 ) UVXlC*f[fili-5{l!l^^:cDflU->'X5 a-JS^ 

4Rtl { v/vfuyX7W 5SrE2Si--5ri:{CJ;9, I 
R-UVX/y ^7^/U*3£iIiiLfc7fcjfctfS^J;<, 

[003 2] T/Pfl/yX7 K5i jSS'^^7"D y 

W&l-^i-Sfcfclcy^p^y^S^-e, 10*s 
iaff£*vTV>5„ ;©|l||C/Tt«ajtli > £-f ^-r* p^f 
^^7-6 T-^fecDftjfcR SrSlt LjtfecD}fc;5ftG,&tf 
Wfe^^BSr^^-fr-Cl/^o ro^^ D-T y9 5 
7-6 T^#t^ixfc#&(7^t*R(i:5 9- 7 ici tjattr 
*|6]Sr9 0° ft»f btbX^fe^O^S/^/^n 9 

[0033] #4 9X14 y9% 7-6SrSiibfc 

safes tfWfe©3t3fcG, Bfi^-r^ P-r s/^ 5: 7- 1 o 
t-i^^fis^^s^ttc/iSo -r&;b*>, ^fe©7t«G 

^/v^Buwayfyt-uvxi i t^a^-So ^ 

VTH&<DftMBte9'4 9a4 y9 59-1 Ofcitigb 

-cEitu Di/-i/yxi3, ?7-i4> seiyu 

- 1/VX 15, ?7-16S:^ UT#feffl©»*^^ 

i 8tfr©='>-r>'-y— i^yxi 7 izm-frtiZ. 

[0 0 3 4] Z<D£?\ZVX. WfeW&ftJiC 
R, G, Bli#*©3yfyt-wyX8, IK 17 
$riia!KT#feffl©^&/^/K7*a y^ 9, 12. 18 
fcA#t£;h,3o Ctufe^S-fecOfSS^^n y* 9. 1 



10 

[00 3 5] -j&Kfi, #4 9u4 y9 59-6. 10 

tt-Hg/B LTfSo SEot, =S-*(OJKft/^/v^a y^ 
9« 12. 18 ft<D±!BAttffi!Hl7&Kf±, |g| 1 ©SftErt 

tftl^ny^, 12, 18*irtt5»« 

[0 0 3 6] -t LT, ifoS^/K/py^g, 12. 1 

49f4y97°l) X A) 1 9 fc*3V'»Tei^-t-3<g-85te:*t 
KTAW^tu^o -©tt-S-jfcSS^fi, Ff£ftM*©:7"yX 

-MCStKTSttJ&l 9 a . 19b^^^$tbTj* 
5„ 3t-&J*^l 9^*5»t5#fe©3t*Rf*KltKl 9 
at?Klt$^. *fc#fe©3t^BttS*t^l 9 bt'Klt 
20 £*VC, S*t^vX2 Of^LTAIt^nSo -t L-XWc 
fe©7t*Gfi7t^^l 9rt*lCiSUTSii-t-SJ;5 
(wLTSIt^^X2 0^>6j-LTAIt$tt5 o ZixizX 
t), £-#3fcR, G, B^lo<D^fC^$tv^fli-e 
Slt^X2 OtcAW&JxSCltKfcSo 

[0 0 3 7] SltU>'X2 0-C(i. ^-g-figm^-l 9^t> 
AW$tl-fc:7fem^Sit7t»C^#|br. {*Jx.f*gi@M©X 

JferoT&fS-Cfi. ^KUcti, g#t uyx 2 otciJi^Tftgg 

^9 0° &&ztix'&. ^py*?*/a >-**3setce: 

30 ttfeH5*Sf5 9—5 0 4\ZX >?Kat£*tT 
y - V 2 1 \Ztt LT)t*<Dg*t^nfc^e o 
[0 0 3 8] 1-3. g#t^e©rtS8«^ (Sg2t*J) 
El 3 H*Hlfi©0®©lS#t uyX 2 0 £r*gs& L#5Slt 
S«5 0 2(D&2Mt LTCDrtg6«]f$r«^»c:^i-t> 
©-C*>5o 4*3, ^©El^t5VNTBl2 tlH— gB^(-»il^ 

[0 0 3 9] r©#^{Cfi, -^/V^WV-XTW 5(0^ 
Wt<D9*4 9 xi 4 y 9 5.9 — 6 A(c J; f? )fe^B 5rSft L 
-C, 7t*R, 3t*GSriiig^-ar5 J: ^-T 
40 ^P-Yy^?7-6AJC<J;t)SWStV7 v ci3t*Bfi, $7 

-7AJcj;i9Slt*ti„ Ht-, ^yfyf-fyX8A 

SriIi§U 1?&m<om£k'<*/i'y'a y9 9 ASr?>UT)t 
^fS^HTc^tc:, Bl^-rs^-ffii^fe^-a-^^-l 9Atc 
A*t$tv-5 C 

[0040] y-r^P^y^5 7-6ASriligLfc3t* 
R, Tfe^CGfi, -?:©^i9:©^ 4 9 P4 y9 5. 9 — 1 0 A 
t-A#t$*b5. r©^a-, 9 xi 4 y 9 5 9 — l OA 
-?»4ft*:R§TRttL.-C, 3t*!Gl4iij§$-&5«t 
T^5o #4 9X14 y9 5 9—1 0 Ale J; 9K#t£ftfc 
so )t^Rfi, ayfVt- UVXl 1 ASrili@K, ^feffl 
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<Dmgis<*A'7x3 1 2 ASr^L-T^P$^fc^ 

-^X13A> ?7-14A, SteffiDL'-^Xl 
5 A, 5 7- 1 6 A^LXayfyf- U-VXl 7A 
t-PJ^-r^o -t LT, ^yfVt-l'yXl 7 ASrfflai 
LT, ifeffl©If B /^7'ny^ l 8ASrtf"LT#St 

[0 0 4 1 3 7t-&fiS;^l 9A1>, I^WoyDXi 
Jd*tLT, RttBIl 9A-a, 1 9A-b»^A^j 
*VC/&5 0 r^Tt-a-^T-l 9 AKAtt£*Wt#fe©7fc 
7t*B(4Sft)^l 9 A-b(iTSl*$ilTS 
1*1^X2 OK Aft £*K 7tJlCGf2SttJg£l 9A-aK 
TR*r£HT&*tU>-X2 0tCA*t$^5o ft* 
R(±7t-a-fife^l 9 ASrEiii-^J; 5^aaiL-CSItl/ 
VX2 0KAtt£*v5 o rcDi^*, &7t3ftR, G, Btf? 
10<0;)fc*^/&£;iXT&t*U>'X2 OlCAit^nSr 

[004 2] i - 4 . KtrsHftcortftiff ft (US 3 W) 

m 4 te&mM<DMi&(D8>m u^x&m& l#s 7"n 5?* 

*i-tcOT*fc5„ rcD^RC^TE! 2RXfm 3 h 

[0043] dO^ICtt, ^?B^f^^7-6B 
£J:9 3teKG«:KitLT» ftiftR, 7fc*B Sriii® jSiirS 
.fcSteLTV^S, ^^B^fj/^^y- 6 B{c<fc flS&f 
^tlfcftjSGti, 5 7-7 B, 3yfyt-l^yX8 
B, Stfeffi©^/^/V7'o s/^ 9 BSr^Lfc^. 

[0044] *f-f*o-f y??7- 6 B£i§ilL7c:3tJf[ 
R, 7fcJftBfi, ^-T^d-Y j/* ? 7—1 0BK:Alt$ix 
KMR&KttZh. >tmBrtjiig-r5J;5^ 
S*fClf^5. iO^-f^n-f 1 OBfcTKlf 

Lfc7fc3£Rte, ayfyf-i/yxi ib> #feffl»fg 

g/\'4;;V7*n y ^ 1 2 B Lt, Sl^-rS^lpJ^ibft 
-6-^*^-1 9 BiCAltSHS. ^^o-fy^?7-l 

0 BSrajgLfc7t^B(±, l/yXl3B, 5 7 — 

1 4 B, Steffi y l^-UVXl 5B, 5 7— 1 6 B, 3 
yfyf-uyXi 7B, RX$H&m<n%i&'**;i'7v 

l 8 B lt, m^-r^^rfii^bTt^*^ 

1 9 B fcAtt£;h,-5„ 

[004 5] 19Bt, miZMVKDzf }) XA 

KM LT, Sltffil 9 B-a, 19B-biJ5fi^§ 
ftTftSfcOTfeS, r. r Ttt, 3t-a-fig^ 1 9 B K A 
lt$tvfc:#fe(D7tS:o5*>, 7tJf?GttK#t)gl 9 B-a 
ttglt^^ >fc*BHRIt)Kl 9 B-b^TKit$ 
*k ftisfcR fift^-ftiH^ 1 9 B Srititi-S «fc b 
SCtT, loO)6tt4otglt^X2 0lcA*f$ 



(7) 

12 

[oo46] e*_h, zm*mf t, *mm<DBmt lt 

wSltSBSrlftBJ LTtrfS, rir?>fife< 4 Tt>-«»JTfc 

5>tvS t©Tfc5 0 

[0 0 4 7] 2. MfyxoM 

2-1. l^X©gSB#?ig 

®£^t, *nm<DMWik LTo&atu-^XKo^-ci&i?! 

io T, JRl , 12, ^C5^3 0Hmro^liSr^^Ttl^lft 
WZftoZbt-tZ. ztit>mi~m3<DMM(DMmi: 
LTcOgltUVXtt, ±fSIHl~ll]3^Lfc7'nv' 3 i 
^~>3 >'*^atC4ofr5SltU'VX2 Oi LTSffi£ 
;}x5t>tf>T£>3„ 

[0 0 4 8] $&i~m3<Dnm<DMmtLxo>& 

ttu:/X2 o^jirou^Xflljitco^T, BI5Sr#flg 
LTfftB^-t-5. EI5f;fc, Jgl, 12. Stflg 3 ©ISife© 
71218 £ LT<E>lS:ttuvX2 OOTU>-X<Dffig#3tS:«E^ 

^ic^-ruvx^fffiSTfcs, rttP>(oia{r*j^T(±. 

20 E)roi±(|!) WVXl 0 1 <D±(B!l) ^s^^ v 

[0 0 4 9] ^©EI^-rSitU>-X2 0 i: LTtt, ft 

0, 02 f>-Xi$2 00, 13 U>-X»3 0 0 ^SJUH^ga 
&}£tlTl&Z> 0 ^LT IlwyX»100i:l2Uy 
Xi¥2 0 OKKStLTfttfrS 7-M&mtfbHZ 0 
[0 0 5 0] C 01 U^X^l OOfi, ftvvfc 

30 t5^=^*^^Xl 0 1, m^&mcWMVtZft 
i-SBOuvXl 0 2Srii^T^5t>©i: ^tbtcj; 

77^ uvXl o 1 ©Mffitt. ^(-^i-fcfttl«S^ic*j 

[0 0 5 1 ] 4fc. 02 u->"X$2 o 0{i x iifli 1 
ft(DiEuyX2 0 1 icj; t)^$ix2,r tX\ lEcomm 

VX^2OOt±IB01 u^X^irCD^MWPBi LT, 

$ixfc±T% Mi'yXi LTcDMS«ttt6*5#f,tu5 

[0 0 5 2] ^3l-yX»3 0 0li, *^*&{ll7)>6», 
IA>?-a-ip-frUVX3 0 1 , jEuyX304, SO 5 ®^* 
Sfillira^^zi^X;^ w>-X3 0 5^5|§]oj; 5K:BBB£ 
tvTfiSc5rtTE(0a^^^ri-5J:5ic$tv5 0 
T% ifBIAO-a-^wvXS 0 m x ft^#Sffi!lA^M 
V^*tS:{B!)(-^T, MBOU-VX (JIL^X) 302 
iEuyX3 0 2t«S£fi$ii /> rtubi^IM]U'>'X3 0 2 
so tlEuisXz o sroaffiirSrlAfJ-^^-frSi 5tcLT^ 
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(8) 

13 

[0 0 5 3] 44b\ ^<OB»C*3VNT(i, ±|E^3l^>-X 

Gl&m+i 9, S«S^'^;v^p y* (9, 12, l 
8) riSr^-e^^T^SCirKfcSo EI3X 
f±H4tSt«*«ixtf x ^JSig^l 9 A, _&tfi£l>/<: 
^ny^ (9A. 12A, 18A) , J&^fift-g-fifc 

9B, &tt%A'<;M'7 r ny4' (9B, 12B, 
18B) &7ji£inXlt^Zz\b\Z.teZ, a 
[0 0 5 4] ft5f5 7— Mf±, %2 UVX3¥2 0 O^fe 

1 0 0\ZM l,XX&Z*£Z>K.ib\Z.Wl\1ihfrZ>h<DXlb 

5o C 5i"Sr bX\ ^J^tfEIlKTtftBJLfccfcSicL 20 

[00 5 5] ft*f$7-Mfi, !2l^yXS2 0 0^?, 
<Dft3KCOfc8g£9 0° ^m-T5 J: 5 JdLTSjtu-^X2 

ortKgaasHscQ-cfcStf^ ::t> ^2u>-xi¥2 
0 0^b<0Jtm©)tggS:9 0" ^t5©l:i)fcot 

[00 5 6] m*-l*. y 9 ©**«B« 

14, ItWT^^^ hJtK*fJ&LT v ^^ft-*f-<£>* 

»c»oT3tiSSSr9 0° SHM-$*8s£» «ia#Gifc»o 
T^tSS-S: 9 0° ^&-^5¥jfeas%£kn-5^<hKft5. 
M^fimSrEl 5 (w*fj^$-ii:5 i: tx, El 5 
/^n yi?©ftia^[ceoT3tKSr9 0° ^&£-t£5 

oTftgg£9 0° |g«l$-B:5^Sr#iloT:^5i:-r^ 40 
(2\ rcoEIK^frTV^^fft^/KT'n j/j? (0(1053 

[oo57] *mm<oMmk l-ci*, ms****?*' v 

cO'MHb&EISr t*^r«-e*>5^ Hi©*j«fcJ:4 

<5o SO 



/4 

[005 8] *m%t<DMm<DWr&. WL&**flffu y 7 
frh <0&% U>-X 2 0 Alt Lfcfgpli&ttcDftjfctt, 
$te1\ ^lt^>'X2 0rtc0ftJf5 7-M^J;oTSlt* 

f-501 fc^Utbtvfcft»f5 7-5 0 
4tioTS#t*tbT)t^S^$ttT^^ y-V2 1 
i-&#t£;fc,5o ^<0<t5l-LT» JSifi/^/K/o y*;&» 
e>c9^p|jB&ftf4, El 1 iZTjk-tX 5 ^teeH#Sr#-t--5 

r<0^, JSeA/^/wya ytrfrbx.? y — i^2 He 
S5*t?©a§a^*5^-CH^f49 0° mfc-FZZt\Cti: 

[0 0 5 9] tfcoT, gttgB5 0 2<D*\\m-y h5 

o 3 rticfc^Tte, iKS^/i^D y ? it&mxfa (is 

LTfiTK^lS]) #J8ttri6] b 45 J: 5 »c LT.@2e£ 
*v5„ rtuciij, ft^ic^^ y-^2 ltcttBMfcA 

5„ £fc. r*UC#oT\ te©Slt3S{B5 0 2Sr^j*i- 
B$;ix5::iK45„ 

[0 0 6 0] *Hifeco^«8t LTtt, Jifficoj; 

^*|6lt45J: 5^LTffi?lJ§tt^^^f^y h 5 0 3 

r<D«i22^l6ltceoT?t*cO)tK^9 0° 
■f-5J:5tC-r5o ^^frEI 1 tc^-fj; 

5 ^ LT^t^ro^mdsn^s,, o* 5 N 5 0 

2co=3f-irK'^s/ K5 0 3fc*tL-C, ±|Sj# 1 45 «t 5 
L-T)t8S^«|$tt5 r t K43. 
[006 1] S r T% S*tgS5 0 2 t LT S WiM>'<* 

t*5J:5li:$h5wi^e), #^$B n ^©Mia*|fijd5 
fi5 0 2 Wdf-ire'^s/ h 5 0 3co<6WSr/h^<-r5r t 

©ipfCLT. SltSS5 0 2©^+b'^s/ h 5 0 3<D 
'mit& X 0 *fHK4« rtf, i^i ^ ^> a 
^» 5 0 0 (O/hS-fk (WicftfT#OlB/h) SrlStCffiit-r 
5 ^ t *S "ST fig K 4 3 1> CD Tf 5 o 
[0 0 6 2] 4fc\ Slt^VX2 OrtlCti^T^SSS:^ 
Ht5f Ltlt, ±fBttJf$7-M4ifcD5 7-co 
«fifeSr^5t<DC0H&, M^itf, yy XA^i'SrMffl-TS 

SStSBi: LTWW^n yt ^iJffl-fS J: 5 4# 
J:5J-^tv5„ !Slt^vX2 OrttwSii^-OfcBS 
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